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PREFACE. 


Iv only in the eyes of those valued friends whose kindly interest 
in my work has ofttimes been as great a stimulus to sustained 
exertion in the laborious task of translation as it has been a solace 
in the usual and varied delays and disappointments of publishing, 
T feel that perhaps some justification of myself is necessary for the 
late appearance of this volume; so much later than either they or 
Thad anticipated. The delay has in a great measure been due to 
ty being obliged to recast a lange portion of my first manuscript, in 
order to bring it down to a new and much enlarged and altered 
‘Fourth Edition of the original ; commenced just as Thad concluded 
my translation more than a year ago, and the “Proofs” of which 
Pewee ce ther voce osoacd of, and revised by the Author. 
‘The task accomplished, however, I now feel my regret at the delay 
lightened to a great extent by the consideration, that through it the 
value of the work is considerably enhanced, and that the latter now 
contains the most recently gathered matter from many important 
fields of investigation; passing, as it does, through the printer's 
hands, at the same time, with the last edition of the original. |’ 
AS the work which I now present to my medical brethren 
in on dress, and which has already been translated into 
French, any lengthy personal testimony to its value is unnecessary. 
‘The fact that it now appears for the fourth time in a new edition is 
‘4 auilicient proof of the favour with which it is regarded as « hand- 
book in Germany, where it was recommended to myself, when a 
eee eatconzizy, as the best: work of its kind, by one of the 
Histology, my late valued and lamented teacher and 

or Max Schultze. But T am aware this translation. 
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leaves much to be desired; and yet to those critics thoroughly 
familiar with German literature, I feel but little apprehension in 
submitting it, confident that fully conversant with the varied diffi- 
culties of rendering German into English, they will be lenient to 
its faults and careful of censure. In undertaking the work I have 
been actuated by the desire to render accessible to my fellow- 
students, young and old, a good standard work, which has been 
@ great aid to myself in dealing with a subject as yet but little 
studied in English-speaking countries, and especially in my own, 
and upon which we possess but few native manuals.’ I have been 
prompted, moreover, by the feeling that we all need to enter more 
fully into the spirit of other men’s researches before we can deal 
fairly with their theories, or deduce any practical conclusions from 
their investigations. And I cannot but think that a greater effort 
should be made by all medical men who love progress, to vindi- 
cate the dignity of Pathological Histology as a science in this 
country, and to raise it above the complacent smiles of a large class 
appropriating to themselves the title of “ the thoroughly practical,” 
who, for the most part, ignorant of its most elementary principles, 
sppear to regard it as merely the pet hobby of a few vague theorisers 
and entirely unprofitable. General profit will only accrue to the 
practical surgeon or physician when, after patient toil, all are able 
to view the subject closely and from its many aspects. If my 
humble efforts to render this easier, by giving the English reader 
access to a compendium of the views of the greatest histologists 
arranged in a system, conduce, in however small a degree, to this 
desirable end, I shall deem my labour well bestowed. 

Tn conclusion, I have to express my cordial thanks to Professor 
Emerion Reynolds for some valuable suggestions in regard to 
chemical terms in the first part of this work, the “ Proofs” of which 
he was kind enough to read over. 

AE J.B 


2 Howe Sraxer, Donte, 
Ustober \8TA 
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INTRODUCTION. 7 


Among those who have specially distinguished themselves in connection 
with this subject, we may mention the names of Mulder, Donders, C. 
Schmidt, Lehmann, Schlossberger, Hoppe, and Kiihne. Schlossberger is 
the author of the first hand-book on histochemistry which scientific litera- 
ture can produce. 


§6. 

In conclusion, we have only to give a brief sketch of the plan we shall 
pursue in the following pages. Histology and histochemistry combined, 
or the study of the finer structure and chemical composition of parts, con- 
stitutes the most important foundation for physiology and scientific path- 
ology. The whole subject may be arranged, according to our views, into 
three great natural divisions. 

In the first will be considered the matters of which the human and 
animal body generally is composed, with their histological and (a8 far as 
inseparable from these, and that a knowledge of them is indispensable 
for a proper comprehension of the whole) their physiological characters, 
Again, in another section of the same, the organised units of the body, 
the “ structural or tissue-elements,” will be brought in review, with their 
shape and composition, purposes and origin, ultimate destiny and origin, 
one from another, This constitutes ‘(GENERAL HISTOLOGY AND HISTO- 
CHEMISTRY.” 

In the second division—histology in the more restricted and real mean- 
ing of the word—the various tissues, in their anatomical relations and 
composition, will be brought under notice. Here also we shall consider 
the mode in which the form or structural elements of the first division 
are employed in the building up of certain masses, It stands to reason 
that here also the physiological characters of the tissues and their 
origin must still be frequently referred to. 

A third division, finally, will be devoted to the consideration of the 
more minute structure of the organs and systems of our body, or the man- 
ner in which they are put together out of different tissues. This may be 
termed “TOPOGRAPHICAL HISTOLOGY.” 


I 
THE 


ELEMENTS OF COMPOSITION 


AND OF 


STRUCTURE OF THE BODY. 


J, ELEMENTS OF COMPOSITION. 


the animal is composed is subject 
a 


re body is made up—those, namely, entori: 
formation of tissucs—oonsist, together with water and othe: 
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We are, to be sure, tolerably well acquainted with the general inter- 
change of matter which takes place in the system, but not so that in the 
individual organs. We are, indeed, justified in concluding that this in- 
terchange of material in the latter possesses varying degrees of intensity ; 
that it increases during the action of the part, and decreases during rest ; 
Dut we are possessed of almost no facts which would enable us to de- 
monstrate with desirable accuracy the amount of this traffic, as it were, 
which goes on, even in a single tissue. 

If in this way the destiny of many constituents of our body ia veiled 
in obscurity, how much more so, then, their real chemical relations. 
Although of many substances we are able to say, “They are products 
of decomposition, residues, relics of broken down tissue, their sojourn in 
the body has no other significance,” still, in dealing with others, great 
difficulties arise when it is to be decided to what side of metamorphosis 
they belong—to the formative or to the retrogressive. Of the sources of 
many products of decomposition we know nothing certain; and even 
the changes effected by chemical action are either but very unsatisfac- 
torily understood, or not at all. Superfluous alimentary matter, so often 
present in the system, may possibly be hardly distinguishable im its 
derivatives from the matters resulting from metamorphosis of some con- 
stituents of the body itself. Finally, we are uncertain still in regard to 
many mineral substances, whether they are essential integral componente 
of our body, or are only casually present in the latter. 

Now it is, properly speaking, the theme of physiology to follow up 
this behaviour of material in detail, and to interpret its full significance 
for animal life; but histochemistry will be frequently obliged to enter 
upon physiologico-chemical research, for only in this way can a know- 
ledge of the precise nature of the substances of which tissues and organs 
are composed be acquired. 

Commencing with the axiom, that the physiological characters of a 
matter are in the first place dependent on its chemical constitution, we 
choose as an introduction to the elements of composition of the human 
body a section principally chemical, 


A. Albuminous or Protein Compounds. 
§8. 


Absent from no organism, and taking part in the construction of all 
tissues, these matters, which constitute the most important materials of 
nutrition, appear of the highest significance in animal life ; indeed, they 
may be regarded with all propriety as-the chemical substrata of the 
latter. Their histogenic qualities come even more prominently before us 
in tho embryonic body than in the mature; for in the latter, many parts 
consist of other than albuminous substances; for instance, of collagen, 
chondrigen, elastic matter, and fate; whereas, in the earliest periods of 
existence, protein compounds are everywhere present. Those matters 
just named, however, must also be looked upon as derivatives of the 
latter, produced by metamorphosis of albuminous principles. 

The great instability and tendency to decomposition of all the members 
of this group cause the appearance of a considerable number of substances 
in the system, which in some cases participate still, though in a minor 
dogree, in the formation of tissues, and are in others (having undergone some 
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superoxide of hydrogen is rapidly decomposed by fibrin. Fibrin may be 
obtained from blood, chyle, and lymph, in small but variable quantity, 
also from serous transudations. 

Let us now consider for a few momenta the phenomena of coagulation 
of fibrin. Fluids in which this substance is contained become of a 
thickish or even jelly-like consistence soon after coming to a atate of 
rest. Later, in consequence of progressive contraction of the fibrin, a 
certain quantity of the entangled fluid is squeezed out, and the coagu 
lum becomes more or less solid as it decreases gradually in size, Un 
the microscope a homogeneous jelly is at first perceived ; later on a tangle 
of usually very delicate threads or fibres (rarely broad), by which the 
cellular corpuscles of the fluid are caught. By many these fibres are re- 
garded as the optical expression of folds or rugg on fine membranous masses. 

In regard to the origin of fibrin, it was for a long time generally sup- 
posed that it took its rise from albumen. And from the fact that its 
analysis showed a larger proportion of oxygen than is found in the latter, 
the hypothesis was advanced that fibrin is formed by a process of oxida- 
tion or putrefaction from albuminous substances, 

Some years ago an interesting discovery was published by A. Schmidt, 
which completely upset all earlier theories as to the constitution of the 
material in question. 

According to this observer, there exists no fluid fibrin at all in the 
animal fluids as long as in motion. It is first generated in the blood and 
other liquids by the chemical combination of two nearly related com- 
pounds, which have been named by the author “fibrinogen” and “ fibrino- 
plastin.” The first of these (also called metaglobulin) is dissolved in the 
plasma of the blood; the second (or paraglubulin), which, combining 
with fibrinogen, converts it into fibrin, exists, on the contrary, according 
to Schmidt, in the bodies of the coloured blood-cells, passing from these 
into the plasma. It is exceedingly similar to the globulin of these cells, 
(§ 12), or perhaps identical, and probably corresponded with the so- 
called ‘serum casein,” (A. Schmidt), Lymph, chyle, pus, and many 
tissues containing celle (but not cartilage and tendon), and also fluids 
into which these cell-contents have passed,— as, for instance, the serum of 
the blood, synovia, humours of the eye, and saliva,—are all fibrinoplastic. 
Fibrinogen also, which is very like fibrinoplastin in its reactions—both 
may be precipitated from dilute solutions by conducting through them a 
stream of carbonic acid—appears widely distributed throughout the sys- 
tem, and is contained in almost all serous fluids, as well as those saturat- 
ing connective tissue and muscle. The rapid mutation of matter which 
takes place in the moving juices of the body is supposed to be the 
obstacle to the formation of fibrin during life. Schmidt believes himself 
aleo justified in the conclusion that, on the chemical combination of these 
two “ mother substances” to form coagulated fibrin, the alkalies, which 
previously held them in solution, are set free. 


$12. 
Myosin. Muscle-Fibrin, or Syntonin. 


The contractile structures of the organism, the protoplasm of which 
the bodies of young cells are formed, with striped and smooth muscle- 
fibres, all consist of a series of albuminous substances remarkable for 
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of Hoppe, to which the statements made above in respect to blood- 
crystals refer. 

"A dilute solution of oxyhemoglobin shows, as was discovered hy He 
two broad bands of absorption betwoon the lines Dand £ of the 
spectrum (fig. 2, a) in the yellow and green part. Solutions of reduced 
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‘The combination of hemoglobin with nitrous oxide (Hermann) conducts 
itself in a manner similar to its combination with oxygen. 


C, Histogenic Derivatives of the Albuminous Substances 
Albuminoids. 
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boiling in the same—yielding then a principle which becomes gelatinous 
on cooling, known as glue. It is supposed that in these processes the 
composition of the materials under consideration is not essentially altered. 
Our knowledge of the chemistry of the formation of glue is not, how- 
ever, at all satisfactory at present. 

From allied protein substances these materials differ in their solubility 
in boiling water and subsequent gelatinisation. With the sugar and 
sulphuric acid test, likewise, they do not become red, but yellowish- 
brown. With nitric acid they assume a yellow colour, like albuminous 
materials, 

All efforts to convert albuminous matters into glutin-yielding sub- 
stances artificially, as well as the latter into one another, have up to the 
present proved futile. 


Collagen and Giutin. 


Collagen, or the substance converted into ordinary glue or glutin by 
boiling, has received but little attention, while glutin has been made the 
object of extensive investigation as regards its reactions. A solution of 
glue is not affected by mineral or acetic acids, or by alkalies ; tannic acid 
alone gives a copious precipitate. Among the earthy and metallic salts, 
the chlorides of mercury and platinum, and basic sulphate of iron, pre- 
cipitate glutin, but not acetate of lead. A polarised ray of light is bent 
to the left by a watery solution of the matter in question. With man- 
ganese and sulphuric acid it yields the decomposition products of albumen ; 
with acids and alkalies, ammonia, leucin, glycin, and other compounds. 

From glutin is formed the extensive group of connective-tissue struc- 
tures, the organic substratum of bones and ossified cartilage. Conse- 
quently collagen is found widely throughout the body, entering into the 
composition of tissues of low physiological dignity. From the fact that, 
with one exception, that of leucemic blood (Scherer), no glutin has as 
yet been found in the fluids of the body, we infer that collagen must 
spring from the protein substances. Connective tissue likewise, at an 
early embryonic period, yields no glutin, but appears to consist of a 
protein compound (Schwann). As to the mode in which the necessary 
changes here take place, the present state of zoochemistry does not admit 
of an answer being given. 


Ohondrigen and Chondrin. 

Chondrin, or cartilage-glue—obtained from the cornea, from per- 
manent cartilage, from bone cartilage before the commencement of 
ossification, and likewise from a pathological growth, enchondroma—is 
allied to glutin. Most acids, however, produce precipitates in a solution 
of chondrin, which are again dissolved by an excess of the reagent. The 
precipitate, however, caused by acetic acid does not redissolve. Watery 
solutions of chondrin possess greater power of left-sided polarisation than 
those of glutin. Heavy precipitates are also seen here on the addition of 
alum, sulphates of the protoxide and sesquioxide of iron, sulphate of 
copper, neutral and basic acetate of lead, nitrate of silver, and nitrate of 
mercury. Boiled with hydrochloric acid, or digested in gastric juice, 
chondrin yields, besides numerous other products, a sugar (carti 
sugar), as far as we know, non-crystallizable, but capable of fermentation. 
If this last statemont be correct, chondrin may be regarded as a nitro- 
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acid, having the empyrical formula C,H,PO,. It is a bibasic ether-ecid 


of glycerin. 
gly oH 
C,H, 3 OH 
PO,H,. 


Glycerophosphoric acid is to be found combined with various matters 
—in the yelk of the ovum, in cerebral substance, and in the bile. 
(Comp. § 20, Lecithin.) 

The neutral fats, however—those glycerin ethers already mentioned 
above—are the compounds of most ordinary occurrence and greatest 
importance in the system. 

From the fact that in our ¢ri-atomic alcohol, 1, 2, or 3 atoms of H of 
the hydroxyl may be replaced by the acid radical, we have derived three 
series of fats known as monuglycerides, diglycerides, and triglycerides. 

The neutral fats occurring naturally belong only to the last group— 
the triglycerides of many acids. 

Glycerin finds its way into the body with the neutral fats of the 
food. It becomes free upon the saponification of these, and must again 
recombine with the fatty acids on the formation of fate in the tissues, 
occurrences in regard to which we are still in the dark. The physio- 
logical decomposition products of glycerin are also still obscure. 


$17. 


The fatty acids of the system belong to two natural series, of which 
one is arranged after the formula, C,H,,0, ; the other C,H,,_,0,. 

Among the numerous monobasic acids of the first group, some of the 
lower or fluid fatty acids do not possess the characters of tissue elements, 
but rather those of decomposition products. 


Formic Acid, CH,0,. 


Has been met with by Scherer and Afiiller in the fluids with which 
muscle, the brain, and the spleen are saturated ; also in the thymus gland 
(Gorup-Besanez), in eweat in considerable quantity (Lehmann), and the 
blood of dogs after a prolonged sugary diet (Bouchardat and Sandras). 
It is also found pathologically in blood. Many of these statements ap- 
pear, however, questionable. 


Acetic Acid, C,H,0,. 


Is a constituent of the juices of muscle and the spleen (Scherer). Further, 
it is to be met with in the thymus gland, and has been observed in the 
perspiration. Acetic acid is also known as one of the ingredients of the 
gastric juice ; it occurs probably also in the fluids of the brain. Finally, 
it appears as an occasional constituent of the blood after brandy pota- 
tions. 

Butyric Acid, C,H,0,. 


Appears in flesh and the juices of the spleen (Scherer) ; also in the milk, 
sweat, and secretions of the sebaceous follicles of many parts of the body, 
as, for instance, on the genitals: in the urine also (1). Its presence in 
‘Wood seems doubtful (Lehmann). It is found also in the contents of the 
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0. CygHy,0 
Triolein, C,H, } 0: CigH;,0 
0: Calas 
and also saponified with alkalies. 
It is introduced into the body with the neutral fats of the food. Its 
physiological decompositions are probably manifold. 


Rewanks.—It was formerly believed that margaric acid was the most widely-dis- 
tributed of all animal fats. From the fact, however, that a mixture of equal parts of 
palmitic and stearic acids has naturally the same composition as margaric acid, 
U,7Hy0q, some have denied the existence of the latter altogether, but incorrectly, 
for it has been produced artificially (Becker, Heintz). It is still a matter of doubt, 
however, whether it and frimargarin are constituents of the ordinary fats of the body. 


$18. 


In the foregoing section the constitution of the neutral fate which occur 
naturally, have been brought before our notice ; we have also alluded to 
the different fatty acids of these compounds. It is not possible to separate 
one from the other, with any degree of accuracy, the individual neutral 
fatty combinations which occur here, so that our acquaintance with the 
latter is very unsatisfactory. They receive their peculiarities from the 
fatty acids of the combination. 

Neutral fats, when pure, are colourless, without odour, and tasteless, 
‘Their reaction is neutral, they are lighter than water, and bad conductors 
of electricity. They are insoluble in water, but soluble in warm alcohol 
and in ether. They give rise to fatty stains upon paper, burn with bril- 
liant flame, and cannot be volatilised without decomposition. 

By the action of steam, heated up to 220° C., the neutral fats are split 
up into acids and glycerin. The same effect is produced through the 
agency of ferments, as, for instance, putrefying protein compounds, Ex- 
posed to the air they greedily absorb oxygen, and with this and the com- 
bined action of ferments, become rancid, water being absorbed and glycerin 
and fatty acids set free. Further, by the action of alkalies in the presence 
of water, they are decomposed and converted into soapy compounds, in 
which process glycerin is set free, while the acid combines with the inor- 
ganic base, 

It has been already remarked above, that the separation of the several 
neutral fate from the natural fats of the human body is not possible. 
Hence the questions in regard to their nature have been answered in various 
ways, Berthelot, following up Pelouze, has recently composed the neutral 
fats by artificial means out of glycerin and the fatty acids, and has thus 
opened up a new way for the recognition of the fatty matters occurring 
in the system. From the correspondence between their properties and 
those of the natural fats, many of these compounded neutral fats have 
been recognised as constituents of the body. 

They ure, therefore, all of them, combinations, in which the three atoms 
of H of the hydroxyls of the glycerin are replaced by the corresponding 
radicals of those fatty acids. Thus we have a compound corresponding 
with elaidie acid, friolein, a fluid at ordinary temperatures, and then hold- 
ing two other solid crystalline neutral fats in solution, namely, tripalmitin 
and ¢ristearin.* It ia still doubtful whether we have here all the con- 
stituents of the mixture of neutral fate occurring in the system. In butter 


* To these may be added probably érimaryarin, 
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there exists a combination of butyric, caprinic, caprylic, and capronic 
acids, with glycerin. 

‘According to the quantity of solid neutral fat dissolved in the triolein, 
are the animal adipose tissues soft, or hard and suety after death. During 
life, however, owing to the natural warmth of the body, they all remain 
soft, and more or less fluid. In one and the same animal, moreover, the 
adipose matter of many parts of the body may contain variable quantities 
of solid fate. 

The neutral combinations of the latter occur widely distributed through- 
out the body. They are to be met with in nearly all fluids and tissues 
accompanying all the protein compounds and histogenic substances. 
Their amount is very variable. They appear in enormous quantities in 
the cells of fatty tissue, under the skin, in the orbit ; around the heart and 
kidneys, and in bone; likewise in medullary nervous matter, together 
with some special compounds, now better known than formerly. Its 
constant presence in the tissues leaves no doubt as to the histogenic nature 
of fat. On the other hand, other tissues 
are frequently destroyed with fatty infil- 
tration or generation, both physiological 
and pathological (fatty degeneration). The 
histogenic significance of the fats appears 
greatly heightened when we remember the 
fact that the hard crystalline combinations 
forfeit their crystallizability on becoming 
dissolved in triolein. 

Under certain circumstances, solid fat 
separates from the natural fatty matters of 
the body on the cooling of the latter after 
death, in the form of needle-shaped crys- 
tals or groups of the same (fig. 3). These rig. a—crystals of margarin. a, single 


i i in eedles; ®, larger groups of the same; 
are known to the microscopist as margarin Proms of needles within fat-celle; d, 









crystals. a fat-cell quite free of them. 

Rewanks.—The percentage of fats in different tissues is—in lymph, 0°05 ; in chyle, 
0-2; blood, 04; cartilage, 1°3; bone, 1-4; lens, 2°0 ; liver, 2:4; muscle, 3°3; brain, 
8-0; nerves, 22°1; spinal cord, 23°6; fatty tissue, 82:7; yellow marrow of bones, 
96-0. 


§ 19. 


In considering the objecta for which fat is designed in the human 
system, the following points may be borne in mind:— —__ ; 

1, The fats appear important, owing to their soft, fluid consistence 
at the ordinary temperature of the living body, as distributors of pres- 
sure, as pads and filling-up matters in various positions. 

2. Large collections of neutral fats, as bad conductors, prevent to a 
certain extent loss of heat to the system. : 

3. They possess the somewhat subordinate property of rendering 
many hard tissues, such as epidermis and hair, pliant and soft, by satu- 
rating them. For this purpose the secretions of the sebaceous glands 
a ticularly designed. ' 

PE Their want of aftinity for water seems to render them peculiarly 
suited to separate from watery fluids in the form of granules and drops, 
and go give origin to the formation of elementary molecules and vesicles. 
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" s . é OH - ais 
may be split up into neurin, (chotin) = CH,{ N(CH,),0H, palmitic and 
oleic acid, and glycerophosphoric acid. 
Lecithin may be derived from glycerophosphoric acid, in which the 
two hydroxyl hydrogens of the glycerin are replaced by, the radicals of 
itic and elaidic acids, at the same time that the neurin (half alcohol 
and half base) forms with the glycerophosphoric acid an ether-acid. Its 
formula is therefore 


0.C,H,,0 
CH, { oO. CHa 
0.P0 { 0.C,H(CH,),N. OH. 


This substance, besides being found in nervous tissue, is also found in 
the yelk of the eggs of hens, in the blood-corpuscles, in bile, semen, and 
pus, There appear to be various kinds of lecithin in nature. 

Protagon, a substance described some years ago by Liebreich, is simply 
a mixture of cerebrin and lecithin. 

By myelin, as described by Virchow, we understand a substance of 
peculiar microscopic appearances occurring in different parts of the body, 
especially in those undergoing decomposition. It has a characteristic 
dull lustre (fig. 4), and is usually met with in masses of roundish, oval, 
filiform, looped, or lobulated figure, with double outline. Myelin is 
tinged slightly brown by iodine, while in concentrated sulphuric acid it 
becomes of a red, or at times violet, colour. It resembles cerebrin and 
lecithin in its property of absorbing hot water, and 
swelling up into a gelatinous mass, and also in ite rela- 
tions of solubility to alcohol and ether. Myelin drops, 
however, may be obtained from compounds of quite a 
different nature, as, for instance, from oleic acid and q Oe} 
ammonia (Neubauer). Myelin is therefore chemically 6 
untenable as a special combination. 4 . 

‘Another allied substance, known a8 amyloid, may be © @D X 
also mentioned here. This appears in peculiar homo- 
geneous masses of dull lustre, and is probably a mixed Fig. 4—pifterent forms 
degeneration product of many, especially glandular por- of apelin 
tions of the body (waxy or lardy degeneration), Amyloid matter is 
coloured of a peculiar reddish-brown or brownish- 
violet with a solution of iodine, which turns to violet oe ® 
usually on the subsequent addition of concentrated @ 
sulphuric acid, or, more rarely, to blue. 

We tum finally to the corpuscula amylacea, @ t ) 
round or bilobular structures of very variable size, 
which bear a strong resemblance to granules of 
starch, whence the name. They are sometimes 
laminated, sometimes not, and vary in their re- ®@ @ 
actions, becoming violet under the action of iodine 
and sulphuric acid, but frequently blue or bluish Fie, 5—Corpuscula amplacea 
with iodine alone. Thus they resemble amylum in awraoeens 
one respect, and cellulose in another, although we are not justified in re- 
ferring them to either of these substances. 

The corpora amylacea are to be found in the nervous centres of putre- 
fying corpses, and, moreover, in quantity increasing with the advanco of 
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water; they have therefore been regarded as hydrates of carbon. All 
have at least six atoms of the latter. Should they contain more, they 
are still complete multiples of six. They may be looked upon as deriva- 
tives of the six-atomed alcohols, and are divided according to their com- 
position into three groups. 

I. The grape-sugar group (C,H,,0,). These may be regarded from the 
way in which they conduct themselves as aldehydes of the six-atomed 
alcohols. 

IL. The cane-sugar group (C,,H,,0,,), may be looked upon as made up 
of anhydrites or ethers, formed of two molecules of the last, with the loss 
of one molecule of H,O. 

IIL. Cellulose group (C,H,,0,). The molecular proportions of these 
compounds are not yet ascertained. Most of them appear to possess a 
higher molecular weight than the last. They are likewise anhydritic 
derivatives. 

All hydrocarbons are of neutral constitution; none are volatile; 
some are crystalline ; some are insoluble ; others easily soluble in water. 
The latter appear in the system usually in watery solution, or possibly 
entering into the composition of other substances as so-called glucosides. 

The various hydrocarbons pass easily one into another, and in these 
processes many of the albuminous matters of the body play an impor- 
tant part as ferments. On being digested in dilute mineral acids, most 
of them are converted into grape sugar. The relation, further, of the 
hydrocarbons to the organic acids is of importance, many of them 
possessing the same empyrical composition, and a part springing easily 
from the latter, as in the case of acetic and other fatty acids, and lactic 
acid. Their relations to alcohols must also be remembered. 

The importance of the hydrocarbons in the vegetable kingdom is very 
great, produced as they are, with some exceptions (as, for instance, sugar 
of milk), by the plant; some of them are likewise of great histogenic 
worth here, especially cellulose. The case is quite otherwise in the ani- 
mal organism, particularly in the bodies of the higher animals and man. 
The few hydrocarbons which here appear do not manifest tissue-forming 
qualities in the remotest degree, and are dissolved in the juices; on the 
contrary, they seem to be decomposition products of other materials, 
such as the protein compounds, or their source is the food taken into 
the body. By their physiological decomposition they yield, according to 
the commonly received theory, carbonic acid and water. It is still an 
undecided question how far they can pass into the higher members of 
the fatty acids, thus playing a part in the formation of fat, but that some 
of the hydrocarbons do so is certain. 

In this group are included among several other substances three kinds 
of sugar, namely, grape sugar, inosite, and sugar of milk, as constituents 
of our body. 

The sugars are generally sweet to the taste, soluble in water, and 
almost all crystalline. They undergo vinous fermentation with greater 
or leas readiness quickly in the caso of grape sugar ; slowly, as in that 
of sugar of milk ; or not at all, as in that of inosite. 


Glycogen, C,H,,0,. 
This compound, standing between amylum and dextrin, was dis- 
covered by Bernard. It is met with as an amorphous substance, which 
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swells up in cold water, and is dissolved in warm, forming an opalescent 
fluid, manifesting strong right-handed polarisation. Glycogen becomes 
of a wine-red colour on the addition of iodine, or also brown and violet. 
It occurs in the tissue of the liver, and also temporarily in different 
embryonic tissues, as well as in the muscles of phytophagous animals 
It may be converted in varioas ways into grape sugar, as, for instance, 
by boiling with dilute acids, by admixture with diastase, saliva, pan- 
creatic juice, or blood. Glycogen is of great importance in the formation 
of hepatic sugar through the action of a ferment. Its hypothetic origin 
may be referred to the decomposition of some albuminous substance. 


Dextrin, C,H,,0,. 
This compound is soluble in water, and viscous when in concentrated 
solution. A polarised ray is deflected strongly to the right by its watery 
solution, which is coloured reddish-violet by the addition to it of iodine 
dissolved in iodide of potassium. It is converted readily into grape 
sugar by the action of dilute sulphuric acid, diastase, and saliva. 
It is found in the contents of the intestine after starchy food, in the 
blood of phytophagous animals, in the liver of horses after feeding on 
oats, as well as in the muscles of the latter (Limpricht). 


Grape Sugar, C,H,,0, + H,0. 

Grape sugar (fig. 7) usually crystallizes indistinctly in crumb-like or 
warty masses ; rarely in tables, which probably belong to the clinorhom- 
bic system. It is soluble in water, and in this form polarises light to 

‘the right. Grape sugar reduces sulphate of copper with a solution of 
potash, and, on being heated slightly, to the condition of suboxide, and 
forms a combination with chloride of sodium, which crystallizes in 
large four or six-sided pyramids. In the presence of other nitrogenous 
substances, as albumen and casein, and also of bases, it undergoes lactic, 
and later, butyric acid fermentation. 

Grape sugar occurring in the animel kingdom, and springing from 
other carbohydrates in various ways, is formed from the latter, more par- 
ticularly from amylum, by the fermenting action of many glandular 
sceretions, particularly those of the mouth, pancreas, and intestines 

within the body. It is absorbed in the 

digestive tract, and appears in the chyle and 
blood. It is generally supposed, from the 
fact of its disappearing rapidly in the latter, 
that it undergoes combustion with the for 
mation of carbonic acid and water ; but the 
intermediate products are unknown. 
Besides this, the grape sugar found in 
dead hepatic tissue has a second significance 
already alluded to in speaking of glycogen. 
Normal human urine is probably not en- 
tirely free from grape sugar; but the latter 

Mig, TTabnla epstale of ere maar may be made to appear in considerable 

sltalnen Sees honey: quantities in the urine of animals, by irri- 
tation of tho medulla clongata (Bernard) : irritation of other portions 
of the nervous centres, however, produces the same remarkable pheno- 
menon. This substance occura pathologically, and often in considerablo 
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quantity, in a peculiar disease known as diabetes mellitus. In this 
affection it is found in the urine and most opposite fluids of the body. 


Inosite or Muscle Sugar, C,H,,0, + 2H,0. 


This substance, discovered by Scherer, is identical with the phaseoman- 
nite first found in beans by Vohl, and subsequently, extensively distri- 
buted through the animal kingdom. 

Inosite (fig. 8.) forms clinorectangular prisms, which lose at 100° C. 
two molecules of water of crystallization, efflorescing in the air. From 
ite solution in boiling alcohol it separates in brilliant scales. It is easily 
dissolved in water, and undergoes fermentation with cheesy substances, 
generating so lactic and butyric acids. 

The plane of polarisation is not affected by it, nor does it reduce sul- 
phate of copper. On the other hand, 


when evaporated almost to dryness S 
with nitric acid, and then treated with 

ammonia, it becomes of a lively rose- Pa <a 
red colour on being again evaporated, 4 


especially when chloride of calcium is 


S 
present. pa 
Inosite is widely distributed through- 
out the body. It is met with in the 
juices of the muscle of the heart, in 
the muscles of dogs, in the pancreas 
and thymus (Scherer). It has been 
also found by Cloétta in the lungs, i 
kidneys, spleen, and liver, and finally, Up 
by Miiller in the substance of the brain, 
and by Holm in the suprarenal capsules Fig. 8—Inoalte, from the muscle of the human 
of the ox. Inosite may also pass off by neat, 
the urine, as in diabetes and Bright's disease (Cloétta, Neukomm). 
It is, without doubt, a decomposition product of histogenic substances. 


Sugar of Milk, C,,H,,0,,+ H,0. 

This compound is distinguished from that just mentioned by its che- 
mical composition, as well as its crystallization in oblique four-sided prisms 
(fig. 9), and lower degree of solubility in water. It polarises a ray of light 
also to the right, and reduces oxide of copper 
like grape sugar. Sugar of milk, like inosite, is 
converted by cheesy and other ferments into 


ofS 
v7 
lactic and butyric acide, Y 
Milk-sugar is not found in the vegetable ano RO 
kingdom, but is a constituent of mammalian 
and human milk. Ite quantity inthis id PO 
stands in proportion to the amount of carho- 
hydrates introduced into the system, and yet fy 
it is not absent in the milk of the carnivora 
after an exclusively fleshy diet, as Benech has rig. 0 —Sugar of milk. 
shown in confutation of Dumas’ statements. 
It has not yet beon demonstrated in the blood of mammals with cer- 
tainty, and appears not to exist there. ‘ 
Sugar of milk, therefore, is probably generated by the (fermenting?) 
iy 


1 comsitrng he at (§ 17), we hare aay em lig ol 
two homologous series of nes, Fray Pee 

ee mae ving decidedly the nature of decom- 
position rote, 

In the first place may be mentioned two noids of the lactic-scid 
oomtt bition t di 

derived from aldebyd, the second 


Lactic Acid, C,H,0,, or jet cH,ou 
00,4. 
This acid, which is easily formed from amylum or 
mentation, or also from inosite, is 
— a Sanukoe in the contents x 
asa Ty uct of ingested 
hydnites, and also in Pie oe and various 
fluids of the body (I). ‘wit bases it forms salts 
ore ha seule Winte h of caateinm (| 
mong these we have lactate ‘wm 
+ 5H,O (tig. 10), which crystallizes in ee 
groups of very fine needles. 
Another salt, lactate of sinc, is of considerable 
dingnostic worth in the recognition of lactic acid 
Its formula is (C, ZHt0,), Za 3,0, aod and it crys 
tallizea in four-sided obliquely-trancated prisms, 
which present a characteristic clubbed appearance 
while in process of formation. 
Wh Lactate ot 1 me Tn regurd to the source of Inctic acid in 
froamor sae neeties there can be no doubt that, where it is no 
duct of fermentation, it is derived from the decomposition of 
substances, 


Paralactic Acid, ©,H, Geet 
ct pr 


ee + aie ee ree 
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$24. 


Two other acids, from another series occurring in the hi 
must now be considered, namely, oxalic and mucin, aman heey 


Oxalic Acid, C,0; (OH);. 


This acid ie found widely throughout the vegetable kingdom, and ap- 
pears as an end product in the oxidation of most animal and vegetable 
substances. Oxalic acid forms with one atom of Ca neutral oxalate of 
calcium, almost the only ono of its salts found in the human body. 


Oxalate of Calcium, C,0,Ca+3H,0. 


This compound is insoluble in water and acetic acid, but soluble in 
hydrochloric and nitric acids. On being roasted it is converted into car- 
bonate of calcium. It crystallises in blunt,and at times also Pointed, square 
octahedrons, which look like envelopes under low micro- 
scopic power (fig. 11). 

Oxalate of calcium, a large amountof which is never met with 
in the body, is probably, in very minute quantity, a normal py 
constituent of the urine. After a vegetable diet, and drinks 
containing a large amount of carbonic acid, this ealt has been ‘Sf 
moat frequently observed. It likewise appears in conjunc- ,@) 
tion with disturbance of the respiratory functions, and may 
give rise to the formation of mulberry calculi. It is, further, z 
met with in the gall-bladder and in uterine mucus (C. Maddy acitte 
Schmidt). of ealcium. 

‘The sources of oxalic acid may be manifold, as is indicated by its occur- 
rence and origin. In the first place, it may spring from vegetable food, 
and, in the second, from the decomposition of various animal matters. In 
the latter respect its formation from the oxidation of uric acid must be 
mentioned (Wéhler and Licbig) ; also the fact that, on the injection of 
urates into the blood, the amount of urea and oxalic acid is increased in 
the urine (Wahler and Frericha). 


Buccinic Acid, C,H,0,. 


This compound, which originates in the oxidation of the fatty acids, 
as well as from the fermentation of different organic acids, crystallizes in 
colourless monoclinometric prisms (fig. 12), 
and is soluble in water and alcohol. 

It was formerly supposed to occur, as has 
been alrearly mentioned, only as a patholo- 
gical constituent of the body, in encysted 
tumours and dropsical fluids, until demon- 
strated by Gorup-Besanez in a number of 
gland-juices, namely, howe of the spleen, 
thymus, and thyroid. It has been, like- 
was ‘mee with by Meiemer and Shepard in "® '*—Cry#tals of succinte acid. 
the blood of phytophagous mammals, in human urine, and that of both 
carnivora and vegetable feeders, after fatty diet or the reception into the 
system of malic avid (Meissner, Koch). 
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Carbolic Acid or Phenol, C,H,0. 

The sources of this compound are manifold, as, for instance, the distil- 
lation of many organic substances and the oxidation of glue, also, which 
produces it in traces only. It possesses poisonous properties for the 
human body. It has been obtained from human and mammalian urine 
(Staedeler), and met with also in the same after reception into the 
stomach of benzol (Schul=2n and Naunyn). 


Taurylic Acid or Taurol, C;H,O. 
This second compound, allied to the last, has been obtained from the 
same fluids, but not as yet in a pure state (Staedeler). It is, perhape, 
identical with Areseol discovered later. 


G. Nitrogenous Animal Acids. 
§ 25. 

Although from organic chemistry we have learned how to produce a 
whole series of nitrogenous acids artificially, in a manner reminding us of 
the alkaloids, the number of such compounds occurring naturally in the 
human body is very limited, and none of them have up to the present 
been composed by art. They are not found in the vegetable kingdom at all. 

None of these substances possess histogenic properties ; all are—and in 
this respect they resemble animal bases—mutation products of hit i 
matters or plastic alimentary materials. Owing to their complex constitu- 
tion they give rise, under certain circumstances, to chemically interesting 
mutations. If we except two less known acids which are met with in 

muscle and sweat, they are either constituents 
se => of the urine or the bile, forming essential 
oa <> J _ elements of these secretions. 
a 
OQ Lg vu Inosinic Acid, C,,H,,.N,0n. 

This is a non-crystallizable acid, met with 
in the form of a syrupy fluid, whose constitu- 
tion is not yet quite certain. It is a constituent 


of muscle-juice, and as such probably a muta- 
tion product of the fleshy fibro, 


Hydrotinic Acid. 
This is likewise a syrupy acid, recognised 
by Favre as a constituent of human sweat. 





Uric Acid, C,H,N,0,. 

"falinetome aaa cysauncs This bibasic acid, a derivative of ammonia, 
Hon of unites; 8 eryutaliine ene and of unknown constitution, appears to the 
from human urine; ¢ dumb-bell unaided eye as a white powdery or acaly 
So substance. Under the microscope the greatest 
variety in crystalline form may be seen in uric acid. By the eplitting up 
of the salts of uric acid we obtain rhombic tables, or six-sided plates 
(fig. 13, a, a, a) resembling cystin. Precipitated very slowly, uric acid 
forms elongated right-angled tables, or parallelopipedic figures, or even 
right-angled, four-sided prisms with straight ends, Tho latter are often 
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grouped together in knots. Pyramidal or barrel-shaped pieces may 
also be found among other figures (Schmidt, Lehmann). 

Uric acid, which has become deposited in urine (fig. 13, 2), is dis- 
coloured by the pigmentary matters of this fluid, its crystals appearing 
yellow or brownish. The latter are met with as a rule either in the so- 
called “ whetstone form,” i.¢., as though they were transverse sections of 
strongly biconvex lenses, or in thombic tables with blunt or rounded 
angles. Another very remarkable crystalline form 
is that known as the “‘dumb-bell” (c). This may be 
met with as a natural product, or may be produced *& 
artificially by the decomposition of urate of potas- é 
sium (Funke). Ow 

Uric acid, whose acid properties are very feeble, * 4 
requires about 14,000 parts of cold and 1800 
parts of boiling water for its solution. With Me “( 
bases it forms salta, seldom neutral, and as a rule E 
acid. Those of the first kind, which contain two i é 
atoms of base, are readily converted into the latter 
kind by the action of carbonic acid. They are, Fig.14—Acidurateof sodium, 
moreover, easier of solution than the acid salts, in sani'’S FMULSRES, 
which only one atom of base exists. Among the ™“** 
latter two of the most important alone need be mentioned, which are 
very difficult of solution in cold water. 


Aci Uratez or Sopium, C,H,NaN,! 


This salt forms short hexagonal prisms, or thick six-sided tables. It 
is usually found under the microscope in the form of rounded bunches 
of crystals (fig. 14). It also appears at times in strange spheroidal 
masses with beaded processes (b, 8). 


Acip Urate or Auxontvm, C,H,(NH,)N,O,. 

A compound crystallizing in fine needles, usually combined to form 
rounded tufts, in which the individual crystals are generally supposed to 
be smaller than in the preceding salt (fig. 15). 

Both salts, as well as the acid itself, on being evaporated at a moderate 
heat with nitric acid, leave behind a reddish residue, which assumes a 
beauteous rose-red colour on the addition of ammonia, 
and on the subsequent addition of caustic potash an 
exquisite violet tint. This test, known as the mur- 
exide test, accurate for the detection of uric acid. 

From its numerous decomposition products we are 
as yet unable to gain any sure insight into the true 
constitution of uric acid; its being the source, how- Fis. 15—~Acld wate ot 
ever, of urea, allantoin, and oxalic acid, and, according 
to Strecker, of glycin, renders it of great interest, and shows its import- 
ance. 

Uric acid, as its name denotes, is a constant constituent of human urine. 
It is present in tho latter, however, in far smaller quantity than urea, 
amounting only to about one per thousand, and combined with soda more- 
over. It is also met with, though in smaller proportion still, in the 
urine of carnivorous mammals. Traces only of it are found in the urine 
of phytophagous animals, Its amount in human urine appears to vary 
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but little according to the nature of the food taken, but much in certain 

morbid conditions. Uric acid is besides a constituent of blood (Strahl, 

Lieberkthn, wnd Garrod). Tt is also found in the fluids with whieh 
organs are saturated; as, for instance, that of the briin of 

the kidneys and lungs in the ox (Cloftte); and in man, of the 

(Scherer and Gorwp-Besanes), 

Uric acid is a mutation 


§ 26, 
‘Hippuric Acid, C,4,N0,. 
Bipparte acid is a giyein (see below), ie, an amido-acetic acid = 
| 


0, 


cot 
in which one atom of the hydrogen is ed by benzoyl (the radicle of 
bonzoie acid), C,H,CO, thus— SEE 


ar 


‘This acid, which takes its ot from its oceurrence in 


faces 16). slow 
eet nits puna! 
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The same effect is produced by animal ferments in the presence of 
alkalies (Buchner). 

Like the acids we have just been considering, hippuric is nowhere 
found in the vegetable kingdom. It is doubtful whether it exists in the 
blood of vegetable-feeding mammals and that of man (Robin and Verdeil). 
It appears in human urine in about the 
same quantity as uric acid, though in 
larger amount in certain diseased states 
of the system. The proportion of hip- 
puric acid in the urine of phytophagous 
animals is greater, as, for instance, in 
that of the horse. Up to the present 
this acid has not been met with in the 
juices of the organism ; it haa, however, 
bean found in the scales of a skin disease 
known as ichthyosis, 

It is a fact of great interest, that ben- 
zoic, kinic, and cinnamic acids, oil of Big. 11 Cry wats of benzole sel, 
bitter almonds, and of tolu, introduced into the stomach, are excreted as 
hippuric acid through the kidneys. 

Hippuric acid possesses the nature of a decomposition product of 
azotised substances of the body. The fact that on the oxidation of pro- 
tein substances by permanganate of potash, a great quantity of benzoic 
acid is developed, is in favour of this view. 


§ 27. 
Glycocholic Acid, C,,H,,NO,. 

This, which belongs to the bile, is of analogous constitution to hippuric 
acid, splitting up like the latter into glycin and a non-nitrogenous acid, 
known as cholic acid. 

Let us consider this latter in the first place :— 

Cholic, or cholalic acid of Strecker, C,,H,0,, crystallizes from ether 
with two equivalents of water of crystallization in rhombic tables ; from 
alcohol with five molecules of water in tetrahedrons ; or more rarely, in 
square octahedrons, which effloresce when exposed to the air. This acid 
is insoluble in water, but very soluble in alcohol and ether. With 
sulphuric acid and sugar it becomes of a purple-violet colour. The con- 
stitution and origin of cholic acid has not 
been fixed as yet. 

Let us now retum to glycocholic acid. Pc 
This crystallizes in very fine needles, which 
may be heated to 130° C. without under- “ 
going change. It is tolerably soluble in % 
water, very easily so in alcohol and alkalies, 

‘but insoluble in ether. It may also be 
dissolved cold, and without decomposition, 

in many mineral acids, as, for instance, Fig. 18.—Crystals of cholle acta. 
sulphuric and hydrochloric, but also in ‘acetic acid. With sugar and 
sulphuric acid it gives the reactions of cholic acid. It is monobasic, 
and forms partly crystalline, partly amorphous salts, soluble in spirits 
of wine. 

On being boiled with potash ley or baryta water it is split up with 
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absorption of water into cholic acid and glycin. Boiled with dilute 
mineral acids, on the other hand, it yields choloidinie acid, C,,H,,O,, and 
lycin. 
beni? ‘Among its salts one in particular must 
\ be borne in mind, namely, 


Gtycocuoxate or Sopium, C,H,,NaNO,. ° 


(Fig. 19) a compound easily soluble in 
water, which, precipitated from its solution 
in alcohol by means of ether, crystallizes 
in large, brilliant white stellate groups of 
acicular crystals, 

This acid forms an essential constituent 

Fig. 19—Crystals of glycocholate Of human, as well as most mammalian 

of odie. bile. It is combined with sodium, even 
among the vegetable feeders. 
Taurocholic Acid, C,,H,,NSO,. 

This second acid is related very nearly, as regards its chemical consti- 
tution, with the foregoing. It splits up, however, into cholic acid; 
and (instead of glycin) taurin, an indifferent substance, containing sulphur, 
and no longer basic. This is the amide of isethionic acid or sulfethylenic 

f NH, 
acid = C,H, SO.H. 


Taurocholic acid, which is very easily decomposed, is non-crystallizable, 
but oxcecds the last acid in its solubility in water and stronger acid 
properties. It dissolves fats, fatty acids, and cholestearin with great 
readiness. With sugar and sulphuric acid it gives the same reactions 
‘as glycoholic acid. Its combinations with alkalies are very soluble in 
alcohol and water, but insoluble in ether. Retained for a long period in 
contact with ether, they crystallize. They burn with a brilliant flame. 

As regards the decomposition products of this acid, they are, as has 
been already mentioned, analogous to those of the foregoing. On being 
boiled with alkalies taurocholic acid splits up, on the absorption of water, 
into cholic acid and taurin; while, with the mineral acids, choloidinic 
acid besides taurin is produced, analogously to the previous case. 

Combined with sodium taurocholic acid forms the second chief con- 
stituent of the bile of man and numerous mammals, namely, tauro- 
cholate of sodium, C,H,,NaNSO,. 


H. Amides, Amido-Acids, and Organic Bases. 

Under these names we have now to consider a series of farther decom- 

position products. a 
Urea or Carbamide, CH,N,0, or cO | XHs 

Carbamide, which, like all the rest of the substances under considera 
tion here, is absent in the vegetable kingdom, but which forms, on 
the other hand, the chief constituent of the urine of the human body, 
is of perfectly neutral reaction—corresponding in this respect with 
kreatin, glycin, and leucin—to be referred to presently. It crystal- 
lises in long four-sided pillars, terminating at either end in two 
facets (8g. 20). It is quite soluble in water and alcohol, but not so 
in ether. 
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Urea combines with o: acids, forming salt-like combinations, 
in which ono molocule of water ia” * 
always present ; thus it is with nitric 
and oxalic acid. 

These two combinations are of par- 
ticular importance in the recognition 
of urea, owing to their characteristic 
crystalline form. 

Nitrate of urea, CO(NH,),,HNO, 
(fig. 21, a a), crystallizes in’ pearly 
scales or glittering white leaves, which 
appear under the microscope in the 
form of rhombic or hexagonal tables. 

Oxalate of urea, 2CO(NH,)y 
H.C,0,+ 2000 (fg. 21,5 0,) appears 
to the naked eye in the form of lon; “ 
thin leaves or prisms, found under "Eagles cova Mss: 
the microscope to be made up of formed inaleoholic solutions, 
hexagonal tables as a rule, but also of four-sided prisms. Both salts 
belong to the monoclinic system. 

Urea combines also with metallic oxides and salts, as, for instance, 
with chloride of sodium. 








Fig. 21.—Crystals of combinations of urea with nitric and oxalle acid. 
a, nitrate of urea; 6 6, oxalate of the same, 


As regards its decomposition, urea may be artificially split up on 
absorbing water into carbonic acid and ammonia. 

The same change is brought about by contact with animal matters 
undergoing putrefaction, such as protein compounds, or mucus, &c. It 
is owing to this fermentation that urine becomes after a time alkaline 
on being exposed to the air. 

Urea may be obtained from other alkaloids, such as kreatin and 
allantoin, by treatment of the latter with alkalies ; further, by subjecting 
uric acid to the action of oxidising acids and caustic potash. Urea may 
be produced artificially in many ways besides. 4 

Carbamide appears in human urine as the most important of all its solid 
constituenta. It amounts to from about two and a half to three per cent. 


sweat, according to Faure, Pi 
aia conditions it may appear very widely distributed 
out system. 
Urea, like all allied substances, a decomposition product, and unfit, 
owing to its solubility, to take part in the formation of tissues—aprings, 
a3 we know by experience, from the protein 


g 
i 
ge. 


from those albuminous substances entering into 
tissues, as well as those received into the blood 
fluous there, Thus the amount of urea in 
muscular exertion and abundant fleshy diet ; 
alkaloids into the stomach has the same effect, as, for i 
glycin, alloxantin, and guanin. Finally, the injection of 
the circulation causes an augmentation in the ainount of 
with the urine (Wohler and Frerichs). s 
Grete detail, we are still in the dark as to the formation of 
in the body. We do know that it is a decomposition of 
protein compounds, and also that almost all the nitrogen which 
the system passes out in this way ; and yot, on the other hand, as 
chemical mutation series whose end factor is urea, we are in possession 
co 


a 


H 


acid 


A 
rer ie 


a 


the action of alkalies ; and again, ures 
obtained from guanin, among other substances, by treatment with 
ing arses {Siracter But in this respect tho presence of uric acid 
is probably o! greater tetportance as'6 apron of ies 10 an 
being ono of the usual decomposition products of the same, derived from 
its oxidation, 


$29. 


We tarn now to three substances allied one to the other, to 
‘bo regarded as mombers of « mutation 
sories of histogenic matters, and whieh 
possibly lead to the formation of uric 
acid in their farther physiological 
transformation. 





, 
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Guanin, 0,1,N,0- 

Gnuanin, discovered by Unger in guano, forma with hydrochloric acid 
a crystalline salt, met with in obliquely pointed needles or parallopipedie 
tables, in general to the clinothombic system (fig. 22). Some 
years ago obtained xanthin from the transformation of guanin. 
‘Gunnin i not a constituent of urine, but is found in the pancreas, 


Hypoxanthin (Sarkin), 0,H,N,0. 
wher a of Scherer, which is identical with sarkin, investigated 


Hie 
aah 


HH 


i 
i 


ies Biers of cites ofhechts fepper bait}, and of 
prisms with curved surfaces, and 
€ 


1 M—Ceystals of nitrate of xanthh 
Pie corel end chlorate ocloe) - 





44 MANUAL OF HISTOLOGY. 


calculi; it has, however, been since found to occur very extensively, but 
in small quantities, in many different organs—in the brain, in glands and 
muscles, and in the urine. 

Allantoin, C,H,N.0,. 

This compound crystallises in glittering, colourless prisms, of rhombic 
fundamental form (fig. 25). It is difficult of solution in cold, but more 
soluble in warm water ; not at all so in ether, on the contrary. Allantoin 
appears neutral, but combines with metallic oxides. Through the agency 
of yeast-cells it may be split up 
into ammoniacal salts and urea. 

Allantoin may be obtained with 
urea artificially on the oxidation 
of uric acid, by boiling with super- 
oxide of lead. 

It is a constituent of the allan- 
toid fluid of the embryo, and the 
urine of young calves. According 
to Frerichs and Staedeler, it ap- 
pears in the urine of mammals, 
coincident with disturbance oe 
their iratory functions, but 
Fig. 25—Crystals of allantoin, eather ta qoen under nitiilar 
circumstances has not yet been decided. 

It must be regarded, like the bases with which it is physiologically 
related, as a decomposition product of azotised substances in the body. 


§ 30. 
Kreatin, C,H,N,0,+H,0. 

This compound, known even before its constitution was accurately 
ascertained by Liebig, is of neutral reaction. It is soluble, in a minor 
degree, in cold, more so in hot water, and quite insoluble in pure alcohol 
and other, It crystallizes in transparent rhombic prisms (fig. 26), loses 

its water of crystallization at 100°C., and at 


; a higher temperature melts with decomposi- 
- tion. With acids kreatin forms salts of scid 
N reaction. 
Q % Some of the decomposition products of 
a 





kreatin are also of importance. Dissolved in 

© \ acid and heated, it is transformed, with the 

\ \ loss of one molecule of water, into a closely- 

: related substance, which also occurs naturally 

iY in the body; this is known as kreatinin, 

C,H,N,O. Boiled with baryta water, kreatin 

passes into wren, CH,N,O (taking up a mole- 

cule of water), and another base, not yet met with naturally, known as 
sarkosin (methylglycocoll), C,H,(CH,)NO, . 

Kreatin springs, according to Volkard, from sarkosin and cyanamid = 


C,H,0,N {ir + NC. NH, =C,H,0,N { C(NENNH,. 


This is looked upon as methyluramido-acetic acid (methylguanidin- 
neatic acid). 


Fig. 20.—Crystals of kreatin, 
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to See with 
‘erdeil and Marcet Voigt). In the urine it 
primarily, but to be formed secondarily 


ipon as a decor tion product of muscle and 

leaving the body through the kidneys, Per. 

pend which is formed in the body under- 

\position, and is one of the sources of urea. This 


to kreatin, crystallizes in colourless oblique 
minis ete 27), In contra 


§3L 
Leusin, OH,(81104. 


0 pepeneapotic acid, is produced hy the artificial decomposi- 


glutin-yielding matters and clastin, by 

alkalies Te is Hkewiso, met with as a product of ‘the 

ux substances, like ayo ibe bo ie to pro- 
naan Cars, iat, 

etal dr oboe 


ey are ¢ 


c baeaeniens of rounded masses (¢ © dl), 





Pied 


z 
5 
Z 
3 


ipi 
occurrence ani 


haman system, we must disti 


Tn regard to the 
putrefaction of his! 





ELEMENTS OF COMPOSITION. 47 


$32. 


Tyrosin, CH,NO;. 
substance is also an amido-acid, whose constitution, however, has 


It weak basic properties, and 
ir in much sinaller amount, from 


STEERS 
ree 


& 


and gl 
far in their decomposition than the 
us we aee it to be associated chemically with 
proved to be a physiological companion 
constituent both of the normal and diseased body 
Laikinstnt is not 80 omnis 


nH 


Ei 
i 


propor- 
‘armed with concentrated sulphuric acid, 

‘in it, beside other acids, a compound named tyrosin-sulphuric 
i mixed with chloride of iron assumes a 


iron just mentioned resembles that of 


tees wi 
there | 


or & 
: 


J from 
well as its 


ly missed wt ag ee aba wh omy oy al 
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spleen and tissue of the pancreas, as also in the digest of albumen in 
pancreatic juice. 

The physiological significance of tyrosin is probably in general allied to 
that of leucin. 

§ 33. 
Glycin, C,H,(NH,)0,. 

Glyein or glycocoll, or also glutin sugar, which is in reality amido-acetic 
acid, has not as yet been met with free in the system. It appears, how- 
ever, on the splitting up of several animal acids, as hippuric and uric, anc 
one of the biliary acids, namely glycocholic. It is also of interest as an 
artificial decomposition product of glutin and chondrin. It is obtained 
in greatest abundance by the decomposition of silk-fibrin (fibroin), in 
which it is present together with leucin and tyrosin. It may be artificially 
produced from chloracetic acid by the action of ammonia. 

Glycin crystallizes in colourless rhombic pillars belonging to the mono- 
klinometric system (fig. 30). ‘These crystals bear a heat of 100°C. with- 
out losing any water, but at 178° C. they fuse, and are decomposed. 
Glycin is sweet to the taste, without alkaline reaction, soluble in water, 

but almost insoluble in alcohol and ether, It 
forms acid salts with acids, and can combine 
with bases or even salts themselves, There 
must be some substance nearly related to glycin 
¥ formed in the body, in all probability from 
glutinous matters (although at present we are 
( s unacquainted with it), which in combination 
with cholic acid constitutes glycocholic acid, 
ia u and with benzoic, hippuric acid. This eub- 
a stance then becomes free in the form of glycin 
upon the absorption of water, and splitting up 

qi 8] of the two acids 
Glycin leaves the body partly with hippuric 

Fig. 2 cryaae sof aiyta of acid through the kidneys, and is partly reab- 

different sorbed into the blood as a component of glyco- 


cholic acid as (shown by Bidder and Schmidt) in order to undergo there 
further alterations with which we are unacquainted. 


Gholin, Neurin, C,H,,NO,, or C,H, Scr, On: 


Some years ago a new base known as cholin was met with by Strecker 
(in but small quantities, however) in the bile of oxen and swine. We 
know that by boiling lecithin with baryta water neurin is obtained (§ 20), 
® base of strong alkaline reaction. The identity of this substance with 
cholin has recently been established in a very interesting way. Neurin is 
now regarded as hydrated oxide of trimethyl-oxethyl-ammonium (Baeyer). 
Finally, Wurtz succeeded in producing hydrochlorate of neurin from 
hydrochlorate of glycol and trimethylamin. 


§ 34. 
Taurin, C,H,N80,. or CH, | AH 
This substance, containing as much as 25-7 per cent. of sulphur, was 
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ares us AB as puts in 

m of the intestinal canal (Fvurichs)." Th hns been also 

in the juices of renal and pulmonary tissue. 

latter source, it was formerly described by Vardeit 

atic ‘The suprarenal capsule contains it alzo (Holm), though 

‘we aro uncertain as to the in of taurin ; but it has all 

product, there can be hardly any 

‘of ite containing sulphur) that it ix derived from 

a quantity of the sulphur of the latter 


eee a eeToncay Eos. bows, manda, Ly 
ic r only ihe mun of pal tad = 
‘4 ferment (namely, mucus 6 
alkalios, into carbonate of ammonium, or 
laos ail combined with a alll i pie 
aulphurous acid in combination with sodium 
ae ee into sulphuric oa fo that in 
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bile we meet with NaSO,, The cireamstance that most 
rr the nein poured out into the intestine is reabsorbed, as observed by 
Bidder and Schmidt, thus explains, at least partially, the origin of the 
sulphates, which eventually leave the body with the urine. 


Cystin, C,H,NSO,. 

This substance ia remarkable for the lange quantity of sulphur which 
it contains, amounting to over 26°5 per cent. 

Cyatin crystallizes in colourless hoxagonal tatilos 
or prisms (fig. 32), and is insoluble in water, 
alcohol, and carbonate of ammonium, It is, on 
the other hand, readily soluble in mineral acids 
and in alkalies, from which it may be procipitated 
by organic acids, as, for instance, by acetic acid. 
Cystin enters into combination with both acids 
and alkalies, Its mutation products and consti- 
tution have not a3 yet been ascertained, nor do 
we know in what form sulphur is contained in it. 

Cystin is of rare occurrence ; it formes certain kinds of urinary ealeuli, 
and may also appear as an abnormal constituent of urine. 
ae eae met with in the ee eeetat) eal a tissue of 
the kidneys of oxen by Clodtta, but not invariably, © physiological 
relations of tho substance are still quite obscure, 


I. Animal Colouring-Matters, 
$35. 
The animal colouring-matters, which are not found in the vegetable 
Layee have their origin for the most part from the natural pigment of 
ood, emoglobia (§ 13). They are met with either ax artificial 
ceccration products, or occur in the living body. 


Heomatin, CH, N,Fo0, (Herp). 


alkaline, 
of hematin ; thin Inyer thi live-green, 
a ‘stratum roll (Briicke). a Poa 
the aid of concentrated sulphuric acid, the iron it contains 
Soeuibastallenrine Uke tapi area 


Hydrochlorate of Hematin, Hemin, O,,11,,N,Fe0,. HCl (Hoppe). 
We are indebted to Toichmann for our acquaintance with this peculiar 
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Iiemobbin’ (600 abo 


Se Hematoidin, C,H, N,0,, or C,He8 0, (") 

Blood which has loft the vessels, and ix stagnating in the tissues, 

4 changes, by which aeeiee colour. 
allied to hematin, but destitute of iron, 


: neid, howover, they dis- 
warmed, communicating to the fluid a golden-yellow colour 
b Is of this pigment, measuring 
arco alata with chloro. 
ey 
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Very large crystal of heaton assumes = the appearance of 


the ovary of a 00m, obtained by Eresie an oblique dice, from its having 
gradually become thickened (/9.) 


$36, 


‘Uroerythrin, or Urohesmatin. 
In the urine a very small quantity of a red colourin, 
found, which gives to the fluid its yellow tint, 
sige i Secheog pay PE sin 3 perfect on 
and only obtainable great culty, whenee our im 
anve with j its nature, The colouring matters of urine were first investigate! 
by Scherer, and more recently by darley. The latter obtained a md 
pigment almost insoluble in water, but freely so in wart fresh urine, 
giv 


rien aor 
ucrobitin, from the feof te 


athe shorn here without having been taken 
up from Lee tie bs while jwitkan, C,.H,NO,,, or chromogen of 
indigo is, according to Hoppe, present, 


Black Pigment, or Melanin. 


Black pigment is found in normal tissues in the form of minute 
se clesale.: It is « substance remarkable for tts inno 
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hitherto beon made, must be received with reserve, for the substance is 
only to be obtained pure with the greatest difficulty. 

which with bwmatin is the only pigment in the body to 
which s certain amount of histogenie significance cannot be denied, 
appears, as a rule, the contents of polygonal or stellate cella. It 
is met with in in the int 


black 
in many cases be accurately traced, 

‘We must be on our guard, however, not to confound the ordinary 
pigment found in the human lungs with melanin. ‘This consists of 
particles of carbon, charccal, dust, or lamp-black, suspended in the air 
which is inspired. It is not met with in the lungs of infants or of wild 


theo a 
be distinguished in bile; a brown, 
i sae spam or biliverdin, 


igntions, a whole series of probal 
may be obtained from bile, although it is aay, 
y thoy all exist in the latter when perfectly fresh. 


Buarvaty, C,H,,N,0, (or CH,NO, 1) 


A rod substance allied to hematin and hamatoidin (but not identical 
ith the | which may be obtained from its solutions in chloro- 
‘carbon, and benzol, in beautiful 
‘These (fig. $6), when 


HH | 
2 


taining nitrous acid in the moe 
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marked di It is the most essential colouring 
bile cad tlle calculi, and is probably derived from hwmatin ; 
also found in the urine of persons suffering from jaundice (Selaeunda). 
Busvswors, CyN0,, or (CHNO,N 

This isa, colouring matter, which may, under certain cireumstances, 
be obtained in a crystalline form. Lia premences is eS a 
questionable, for it is probable that it water and passes into 
lipresi coloring ianabiet to\ ke peseen hy Sate ‘The relation- 
ship to bilirubin be easily understood from the following formula :— 

C,H, NO, + H,0 +0 =C, 0, 


mina tivo? 
Buurvscrs, C,HN,O, . 

A nomerystallizable compound, soluble in water, containing soda or 
ammonia, communicating to ita brown colour. It is, to all appearances, 
of subordinate er eeea and differs from bilirubin only in having one 

0 


more molecule of HO. 
Birrnasts, C,,H.N,0,. 

A green amorphous figment, soluble in alkalies with a brown color, 
in contradistinction to biliverdin, which, with the former, produces a green 
solution, The formula of this pigment corresponds to that of 
+ one molecule of H,O, It occurs in biliary caleuli and jaundiced 
urine, 

Birrmusny, finally, is a name given by Staedeler to a dark 


carthy-looking 
substance, which, however, has not yet been obtained perfectly pur, so 
that its formula is not known. It may be obtained as the 
decomposition product of all the four biliary pigments like melanin. 


inated gg ety at this juncture to bestow a few words 
extractive matters. Under rstand i 


A 
which are partl wat in the bol anit i 
stances nataral 
chemical polation. “Ty mat bo character atari 
; not nor combine in regular 
nor it atic at debe temperatures, From this may be 
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Sulphoeyanidle of potassium (rhodanido of potassium), °' | 8, is the 


origin and relations of this compound are still entirely unknown. 

‘Sulphooyanide of potassium gains in interest, moreover, when we remem- 

ber that in the physiological mutation series no other cyanogen combina- 
tions tauke their appearance. 


L. Mineral Constituents, 
§39, 


inorganic m: 
pre-existence in 
by chemical manipulation itself 
be desired. But greater obscurity still 
relations of some of these substances, 


agent in saturation and gelatinization of 
calcium constitutes the most important 
satne, and s0 on, there remains still a consider 
purposes in the body we are unable to 

Tt is likewise beyond our power 

ou between those inorganic com- 


the ash only amounts to 1 
body, it rises Inter on to 2, and reaches 
oreven 7 peremt. Tn advanced age 

‘this is still further i: ‘Beso and Schloasberger). 

8 taatters and compounds found in the body, the 
fyebaicia dn ininid - 

eapirats Sa tpdetehs hydrofluoric 

warie, , hydrofluoric, 

ion of the carbonic acid, diffused through 

fic acid, found free as a constituent of the gastric 

eur ina free state in the body, but almost invariably 


‘exit ammonia, lim magnesia, oxides of iron, man- 
Saieas watsliyappians on alts, nid yee we hav fee 





56 MANUAL OF HISTOLOGY. 


alkalies, especially soda, combined with protein compounds, and also iron, 
in many animal substances, as, for instanes, in hemoglobulin and me 


in, 
In to the gases juat mentioned, they are found ¢ither in the eavi- 
ties of the body, or diffused, or chemically combined in its various fluida. 


Oxygen, 0. 

Oxygen occurs in the organic matters of the animal body in combina- 
tion. It appears, however, also as an element in all the air cavities of the 
system. Finally, it is met with in all the fluids of the economy, Inthe 
blood oxygen is dissolved in very minute quantity, while the greater por- 
tion appears combined (though toma) with the other constituents of the 
fluid. We need hardly remark that this clement, from its strong tendency 
to combine with other substances, plays a most important part in the 
chemical and physiological life of the organism, 


Nitrogen Gas, N,. 

Nitrogen, as is well known, occurs in combination in many 
matters in the body: it is also met with, however, in the air cavities of 
the latter, and in very small quantities dissolved in its various uids. 

Carbonic Acid, or Carbonic Dioxide, O0,. 

Carbonic acid appears partly in combination 

dissolved 


§ 40. 
‘Water, 11,0. 


many of its constituents, 
of material il 
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carrer i dete Fot the present it need 
eae aie possible all 

virtue its solvent 80, 

steven si deckttarus tbe dccleeinal 

“epee Feri as an imbibed mat- 


dis 
ene ara 


that which is generated within the body by oxydation from 
the Hl of organic substances, water is introduced into the body with food, 
solid and liquid, 


‘Hydrochloric Acid, (LH. 
‘This acid is only found freo in the gastric juice. 
Silicic Acid or Silicon Dioxide, SiO, . 


Reval quantities of silicic acid, cither freo or combined in salts, 
have met with in human blood (Afillon), saliva, urine, bile, and 
crane hla etl thee ee per era bones, and tecth. 

of car 6 par eee e Sree 


$4. 
Calcium Compounds. 


Lime, CaO, which next to soda is the most important inorganic base 
of the body, ‘proconte iteelf itself in many different combinations. 
Puosruate or Cavctum. 
ie acid occurs, as is woll known, under various modifications, 
‘however, only’ the @ ordinary or ‘tribasic acid appears in the 
‘Tho following ore its calcium salts: (a), Acid phosphate of 
Cal,P,0,; (2), Neutral phosphate, CaHIPO,; and 


carbonic or acids, as also in solutions 
of sodium, and of animal gelatin, It is, as we 
salt of calcium which occurs in the bones and 
exists besides widely distributed throughout the 
: \acreal tin human urine, 
f am, Ww! origin in general from the Creatas 
in very variable amount in all the solid and fluid 
raver it is presont in large quantities it is ne 
mnt of the latter. Its deposits are almost always 


a tias been shown to exist in the blood, urine, gnatrie 
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juice, saliva, 
it invariably 
tioned, and ap 


the teeth, the hardest substance in the whole body, it exists 
greater Seep 
te SE an ee 
tissues of the body ; we must, thereforg, ascribe to it histogenio properties, 
Canponate or Cavctum, CaCO,. 

This, like the salt, occurs in the amorphous condition 
hardening material in bones and teeth, bat only in small 
sides this, it is met with in some of the animal fluids, 
the saliva, and in alkaline urine. It is also found in a crystalline 
in the internal ear of man, constituting what are known as ofoliths, 
is met with more frequently still, however, in this state, in the bodies of 
the lower vertebrates, as, for instanco, in deposited upon the mem- 
branes of the brain and spinal cord, and on the anterior aspect of 
the spinal column, about the place of exit of Lisa nerves. 

Otoliths (fg. 37 are small crystals of short, thick, columnar form, com- 
binations of rhombohedrons and prisms in their fandamental 


‘The question as to what it is that retains carbonate of calcium in solution 
in the fluids of the body, has not yet been answered satisfactorily. It 
seema probable, however, that the carbonic acid diffused through the latter 
is the real solvent for the salt, besides 


Cuvonine ov Carcrom, CaCl. 


Ts of but subordinate significance, 
Nig. 37-—-Oholithaconslatingofearbenaleot calcio. and has ag yet been met with in 


the gastric juice only (Braconnot). 
Fivonrox or Carcium, CaFl,. 


p42 
Magnesium Compounds. 
iBagsiaiams sppeere under similar circumstances combined with phos 
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phoric acid, like caleium, mentioned in the ling ection. Its amount, 
however, is everywhere emaller than that of calcium, 


Prosraare or Maoxesivm, Mg,P,0, + 51,0, or MgHPO, + 7H,O. 
We are not yet able to state which of these two salts it is which occurs 


Paosraate oy Maoxesium and Aunoxiuy, MgNH,PO, + 61,0. 
Daring putrefactive decomposition, or indeed Sh every Rea 


of ammonia in the system, the latter combines alba ea muiatine 
nesium to form a ine salt known as pl sam an 


£47 


Fig, Crystals of pheaphate of mag- 


alkaline urine, and all putrefying animal substances, 
Cagpoxate or Maoxesiva 

Is of yory minor importance in animal life. Tt aera ce anaberarioe 

of tho wegstablo feelers, probably as a bicarbonate 319 i, }o, also, per- 


in bones, Itis difficult, namely, to idan whether it is 
eee phomphate of magnesium me ‘exists in the latter, however. 


Crone or Macwesium, MgCl,. 
‘This walt is said to bo present in the gastric juice. 


§ 43. 


, a a class, to possess in part the 
the animal body, those of soda seem 
eee crete es tar wo know, On tho other band, 
bet lay an important part in tho chemical oceur- 
h as yet we have not arrived at satisfactory 
d purposes, It has been mentioned before 
d icons Sip nar 
r in solution ; also that, combined with the two ilinry 
important constituents of the bile (pp. 40 and 41), 
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Cmrortwe or Sopios, NaCl. 


assume the form of dice, frequently marked with step-like 
their surfaces, or may be met with in the form of 
with urea this ealt crystallizes in the form of 
to OC, Schmidt, in totrahodrons also, 
Chioride of sodium, or common salt, is to be found in all animal flail, 
and in all the solid parts of the body. Its amount in the, is variable, 


poorer than any in chloride of sodium. We see 
that though the animal juices may be at one time supplied 
quantity of the salt than at another, still the proportion in 


very soon 

in their urino,—an indication that it ix 
retained by the tissues and juices in 
most determined manner as an 


jusion, 
rapid forma- 

tion of colls in exudations, the 
Pig 28—Diferent erreadine forms ot of galt with tho urine almost ceases, and 


‘eblaride of soxtiunn. 


that amount of 
peep toa Sri rite The 


ingredient purposes: 
in detail which 1 exists in tho bedy, wa oti pooten’ But = sean 
knowledge of them, 


Canvoxate ov Sonicm, Na,CO,, and NaHCO,. 
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Puoxraate or Soprum, Na,HPO,, and NaH,PO,. 
to be alluded to presently, sodium forms three combina- 
acid, namely, basic phosphate of sodium, Na,PO,; 
two atoms of base, Na,HPO,; and an 
il . The first of these probably 
ocour in the system, so that wo have only to deal with the two 
alt is the most common. 


carbonic acid of respiration, and is, pro- 
aa, for instance, casein and uric acid. 
alo, in the formation of tissues, 


Te OF 
alkalies generally, this sult is found in animal 
and in the excrements, In some of the most 
, it is not met with, as, for instance, in the 
and the milk. Like other sulphates, it cannot be 
i ‘ic properties, but rather those of a decomposi- 
of the protein compounds and allied substances, 
it by oxidation, and displacing the carbonic acid of 


of what-we have just atated, the facts may be adduced — 
introduced into the are mpidly excreted, and 
‘that after an abundant fleshy diet their amount in the 


, { 5 ened that the sulphur of taurin, os 
y mentioned (soe p- 49), is act free under the action of 
. of acid whieh becomes subsequently con- 

acid by oxidation (Buchner). 


of the system we find the most remarkable prepon- 
ance of potassium salta over those of sodium, 
Catonte or Porassivu, KCL. 
together with common salt in animal fluids; in 


the animal fluids, 
vegetable feeders in all probability as bicarbonate, 


re or Potassium, KH,PO,, or KHPO,. 





62 MANUAL OF HISTOLOGY. 


nary phosphoric acid occurs in the body, whether as an acid salt with one 
atom of base and two molecules of water, or a neutral as it is called, in 
which two atoms of base go to one molecule of water. The salt is met 
with in the juice of muscle (Liebiy), 


Suipwate or Porassiom, K,SO,. 


Appears in the body, probably, with the corresponding salt of sodium 
and under similar circumstances. 


Ammonium Salts. 


The physiological processes of the body are attended by but a compara- 
tively small development of ammonia, so that in this respect they may be 
said to offer a contrast to putrefactive decomposition, The combinations 
of ammonium in the body are probably of various kinds; for the present, 
however, we are unable to enter into them very fully. 


Cutoripg or Ammonium, NH,Cl. 
It is still an undecided question how far this or the carbonate appear 
in the economy. 
CarponaTe or AMMONIUM. 
Is found in expired air, in decomposed urine, in blood, in the lymphatic 
glands and blood-vascular glands. The combinations which are here met 


, ; 2CO : 
with ae the sesquicarbonate (qr) fy \ 04, and bicarbonate NH,.HCO,. 


Iron, Fe, and its Salts. 


This metal is extensively distributed throughout the body, and occurs 
probably in all its part, It is met with in various forms also, being sup- 
plied to the system in great abundance with the food. 

In some way not very fully understood at present, iron enters into the 
composition of the most important of all animal colouring matters, hamo- 
globin (p. 18). Uroérythrin and melanin also contain iron (p. 52). 

ProtocatorivE oF Irow, FeCl,. 

This salt is said by Braconnot to be present in the gastric juice of 
dogs. 

Puospuarte oF Iron, Fe,P,0,. 

Another compound of iron generally accepted, though perhaps on in- 
sufficient grounds, as occurring in the living body. 

In regard to the presence of iron one thing is certain, namely, that all 
portions of the body supplied with blood must contain it. It has also 
‘been found in chyle, lymph, urine, sweat, bile, and milk, and finally in 
hair, cartilage, and other solid tissues. 


Manganese, Mn. 


This metal is introduced into the system in company with iron, and is 
met with here in minute quantity. It seems to be merely an accidental 
constituent. It is found in hair, and in biliary and urinary calculi. 


Copper, Cu. 


Copper has been noticed in the blood, bile, and biliary calculi of man. 
It is excreted by the liver. 


2. ELEMENTS OF STRUCTURE. 


showed the cell to be starting-point, in the broadest meaning of the 
eee Rk ton Dols (see above, p. 4). This is the greatest discovery 
Seeeerw Sees mieroseope. 


tends more and more to confirm the correet- 
ness of this 


ie See lanes ca 
Cel with nee P 
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including within it a peculiar structure. These 

names, The soft substance mentioned is known as 

coll-body (bb), the central structure enclosed within it as 
oa dotlike particle situated within the 


‘The oxtarnal boundary of the cell (a a) ia in certain 
the eg alluded to, or more frequently by somewh 
dent palllole separable trun the cal note! 7 as 


In regard to the latter, the views entertained 
have latterly undergone conaideral 
silnved necctacgy((detbean) atthe esieaten 
necessary (Schwann a 
frequent absence of this envelope and its relatively 
ce has been since ‘ised (Schultse, Britekn, . 
pee although eee eas + ne A el first and ment 
portant points 1 definiti ¢ cell, it . 
polite Saree By these the cell is constituted a "1 


i 
i 


i 
i 


if 


‘ 


end/oti 
coho ot 


the work of this author, “ Mikroscopische Untersuchangen 
gio der Struktar and dem Wachathum dee Thlete und 


‘Tho Structure of the Simple Tissnes of the Humes ” 
“olemontary orguniam,” ih: 
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§ 46. 

‘Turning now to the moro detailed analysis of cells, the first point to be 
Lorne in mind is, that the latter, in the earlier of their 
manifest a cerfain amount of uniformity, whet 
embryos or those of Jater life. Gar Mat in She course of 
dey may assume, as mature and senescent structures, the 


given in the f 
1D 
ind 


wo for instance, among the Jeg, have a diameter of onl 
-O07 mm. (millimeters), while the langest typical GalLok bu ody, 
namely Sener 0 atfaln. ‘a breadth of more than 0-23 mm. Between 
there extremes the greater number of cells range in diameter from 0-011 

to 0-023 mm. Seer eee rampant oe Soon Kt nalaice, i fat 
ere mame Pe locked very Thus we observe 
ps ra ee pi weene is of remarkable 


2% ire etm ot sa fh al, wo aes hewn wih 
jlity. ‘Tho form (fig. 40) is, however, 


juced 
pearl 


aes senbgs such igen’ be 
farther inoreass of a fe aopereapaan fete (ig 43) 
pi oi reermerheaey peastepithalinns Stents vexta cf a 


=Finitenod helium cells 
ie (2G the hata 





66 MANUAL OF HISTOLOGY. 


this may appear, The fusiform eel! may be 
these ; tes beivg nazrowel, it in nod off eb either 


dec ia ie of the 
but such filaments ayiooese 34 greater number i 

and on their part undergo further ramification. It 
the sfellate cell (fig. 45) is produced—one of the m 
in which the structure in question can mect the eye 


+ here wo perocive 
ly viscid and alias 
pele es oe 


it day by the name 
from botany. It has 


unstable albuminous Seren insoluble in water, but 
', which becomes gelatinous {ore in some instances 


careful manipulation ean it be 
condition under the microscope. 

‘The amount of this protoplasm with which the nucleus 
mere pe VET le, and consequently the sine 
general appearince of celle, Our woodcut 
Pay from a to d elements with» medians of 

Other cells are 
egy Wall quantity of 


protoplasm of an earlier period of ce 
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Fig. 7 —Hamaa bleod-coryustes, Li ence ge Sob tea 


a hard substance, in water, and almost destitute of granular matter, 
a Sie ‘material, to which the ber of keratin 
ha es ie 


eee or rareey mation: olttsinstancen cited) are no longer 
existence, they haye lost their active 


Pig sA—Colle wlth deaaite of foreign 
Erna a 2,8 trp corpurce with 


oti’ € dn mena wit included 
a Fragments a the thar 


0 sae have become the receptacles of melanin granules 


peculiar ‘This pigmen: bo 
that dha ahola Body of ther cell miliieeies bck 


eA) mm are, setae to be Sie Naas oe mina 
Bee comme Fitts. sutabrce of the 

es which ls abuse peed 
conditions. Matters which 

t be regarded eet rset acts Seca 
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trnction of tissues The rarity of tals as eoll-contents is Uras 
explained by this law, as it may be called, 10 which, with all the varie- 


‘Vig o%—Stellate colls containing black Fig. Sia 6, Orystals of 
pagent. 


a a 
‘he same contalned within 
Sell frum aipaot Hass 

of crystal, 


tice of cella in the different groups of the animal kingdom, there are but 
few exceptions, gar 
7. 


Line begs farther characteristics of the animal cell there now only 
sarin r our consideration the envelope and nucleus. 


The envelope. It has been already remarked that the protoplasm 
sh A MODE LE it ell vaely Pelsaline oo entt as Saliba toteciot In 


far inter r deet stated idee besiege of the nongranular or 
fc pry the cell usually insane by gt beter 
eeloping or cortical layer of protoplasm). This hardeni 
eS eceeen ingly aligh ight, so that it is only to be 
cell 


outline of the it can also be easily overcome, 
it about by the very brief action of external 
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much smaller, even down to 0°006 mm., and leas, whilst other cells again 
possess nuclei whose diameter may reach 
0-023-0-045 mm. The position of this 
nucleus in the animal cell is at one time 
central, at another excentric. 

‘The fundamental form of the object 
under consideration, as it is met with in 
the earliest formative cells of embryonic 
tissue, and frequently enough in those 

of more mature parts of the body, appears 
ieee which tow amalcraciarer Ube that of e vesicular body =pproech. 
excentric in the body of the cell, . ing the spherical figure (fig. 58, ¢ c), with 
more or less fluid, and, it may be added, homogeneous, transparent con- 
tents and strong cortex, which latter shows, under the strongest micro- 
scopes of the present day, adouble contour as optical 
expression of its thickness. Thus we see that the nucleus 
an analogous structure to the cell, which is 
endowed with a membrane, and one of whose components 
it is. 
, In the interior of this hollow nucleus, or, as it has been 
named, nuclear utricle, or vesicle, may be discovered, single 
or double, a roundish formation, almost a mere speck on 
account of its minuteness: this is the nucleolus already 
mentioned (dd). 

This fundamental form, however, of the nucleus is fre- 
quently enough exchanged subsequently for another, alter- 
ing thus ita original appearance, although the variations 
of the nucleus may be stated as a rule to be less in propor- 
rod-like homoge tion than those of the cell itself. We find, for instance, 

neous nucle “in turning to the consideration of some of these changes 
of figure, that it may become elongated, as in those cells which enter into 
the composition of unstriped muscle (fig. 56, b), or diskoid, as seen in the 
tissue of nail (fig. 57). Ramifications of nuclei have also been met with 
in Serta cells of lower organism, but not as yet in those of the human 
body. 





Fig. 85.—Two cells (a) with vesicular nu- 











Mig. 58.—Flat epithelial cella with 
‘completely homogeneous smooth- 
edged nuclel, 





On the other hand, the nucleus may exchange the original vesicular 
condition of an earlier period for eolid contents, as is the case, for instance, 
in the superficial epithelial cells of the mouth (fig. 58), or for perfect 
homogeneity, eo that even the envelope of the nucleus is no longer to be 
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‘This latter form is seen in the cells of involuntary muscle 
56,4). In such cases the nucleoli 


wently ible, 4 
eee eiinena >t (@) 


( 
‘tngged appoarance, and precluding the possibility, 

Thasuckolia ting ince," ie thas Pee, Nod 

nuclei have their origin, 6 with granular 

paleaitatestl eicei sindolrtoy be cbeccres ty ee: 

ing drop of oil. The former may be seen on {y,qrestmont hh 


in question in 
from viow, as for instanco, 


hose 
nucleus among its completo 


wi 
a 
aga rare anomaly, All such 
o 


found principally in the medulla 
twenty, or even forty nuclei, and 
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ut times attain enormous 
variabl 
the cell, 


F 
zs 
fl: 


e 
i 
i 
i 
t 


double or multiple nucleus from 


Hi 


aaimple nucleus ; which wi 
Me eee ae 
made to break up into sev i 
that hs 


i 


fromthe. sorver is deceived into the beli 
ot thecre: «fo ¢ells with several nuclei, 

: ‘The question as to whether the 
Soa pomneme tg tae Anas bastory (ociaih ab 
with certainty. 

$48. 


Turning now to the chemical constitution of Uw ani 
ourselves entering upon a field of histochemical 
ilar echo 

msearch in the investigation 
appear to be far in advance of chemical 
In order to follow up this line of inquiry 
of success, we should be able to 

cell from its surroundings, it. 


ial 


‘in our 


in general able to state so much; 
that the still very aise group of conte 
pounds or albuminous iples, with 
members and modifications, with certain ie 
togenic descendants of the latter, the cbief 
part in epies patie ase 
we find as further constituents, det page 
usually in considerable amount; also certain mineral 
matters, and probably aleo overywhore fate 
Bat aga ae bas just boon jones 
protein mattors, and 1 immediate derivatives, ax 
which the materials for the production of the animal 
are derived, chemical seeneeiaas teaches, on the other hand, that the 
of the latter must bo compoted of modifications of those, 
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body, und what to the as in the ense of the hepatic and con- 
ly, nucleus, iepat 


Tf, ws would appear from all this, our knowledge of the composition of 

ia vory unsatisfactory from a qnalitative point of view, how 

juch moro so whon wo glance at it from the quantitative side of 

oh 1! In fact, we are unable to give the quantitative analysis of 
any single form of cell in the body. 


§ 49. 


to phenomena of vitality observed in cells, they would 
first 2, to be of sisting in 


striking manner by the 

easiest toe meently been met with among the corpuscular 
ani a 

Contractile calls been known—one might as curiosi- 
the bodies of lower animals, Comparatively recently they have 
recognised also as existing very wi distributed among the 
known of such simple structure that almost 
ly consists of them. But we have also 
pa ierhne with an ever-in number of the exmo 
of cells in the bodies of the higher animals, likewise endowed with 
" » Besides this, such a Property could no 
of the fact that a widely-spread 
as algo the heart (at 


{BBy, system, we are almost war- 
of’ thoir existence, all 


ranted 


the ‘bener operas of an tbamed ejeot stron. 

66 (pus-corpuscles). ‘These geldom or never appear 

but almost always under a variety of jagged 

i janglos aro engaged in an incessant change of form, 
ah, but at times somewhat energetic. We are able to 
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rocognise also, that certain thin, threadlike: 
stractureless ‘substance, extend themselves 


one anol 
figures or broad 


that the former assumes the round shape (/), formerly supposed ‘to bo the 


only one in which the pus-corpuacle ever a} 
ies of cell just mentioned, bs id coll” is found 
Mile ioaghtt the boda ef seasbst extant 


| teas 

ion in which it ix met with, 

for instance, the “white blood. " the “lymph and ebyle 
oon palergh tne ape anon the human and 

it undergo the same el of form in homan ma 

malian body generally? 

‘This question may be answered in the aflirmative; bat, owing to the 

much smaller size of the coll in the latter, and the rapid cooling of the 

preparation, the 


culty. The sori 
in fig. 67 may be 
the white 


with 
Use phonomena ander 
At is very easy to convince one’s self, with the 
yarnicebs is able to tako up solid particles 
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medium in which it ee The Sree laae eae 
position in the means 

ay also be stacey It is observed, sents out 

direction, into which the rest of the body gradually 


ig, h-sirtan consecttve ome trom the frog's tem. a be 
‘various Of connective-tissue corpuscles | (=e 
‘Conmroraiic)J, bres, and g. bundles of the sate ; h elnate 


the asm, and so received into the body 
a) Bat is thus brought abont artificially with 


pg 


the goneral circulation (}), objects 
in former times, when the cell was 
‘an imperforate membrane. 
‘of receiving mattora into its body there coexists in the 
ia aa eemchon a ley sctccuon an the ous maybe 
grant or mol ag case m: 
f discharges 


ay be, 
‘them from the body of the cell 


id cells through the interstices of living parts 
The readiest mode of 





imal fluids as lymph, mucous and serous 
out from deep or remote organs in any direction. 
nished us lately with some ex! 
these points in regard to inflammation, but we 
tion of them until we can enter into it at 
of our work. We learn, however, from 
be denied—that small, formed particles of 


Fle, 70-—Ciated cells of the 
calving saul 
the surface of various epithelial cloments, to which the 
boon given, the latter on which they are placed being 
account ciliary epithelia (fig. 70). As 
clings to the purt so long are these delicate | 
en, ina constant andrapid 
Bat we will consider this“ciliary motion" more fully 
further on. 


Fig. 72.—Haunan sper 


71), with their wonderful power of rapid 
afford an example of ies which have their origin perhaps in the 
nolews, ‘Thess will be discussed more at length presently. 


$50. 


Apeculyeg among the yogotative phenomena of cell-dife 
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cellular nature and individuality of the cell will come under our notice 
lower down. 


§ 51. 


All structures of the body—the tissue elements, tho esse in 
pon beter ya tbe sien pepe jo Pripreat et 
31 it for our consi an 
Se (ober nett 


vestigation even affords ua many proofs of this, 


= aaa ihe akals ca kody te obec ” 
we are in this way able to Bee, one pips 
upon @ more detailed 


Portions, and to jrelig sone wh 
of tough and indifferent elastic matter, 








Pe aan of matter taken Sera! the cell 
in the case of the formation of pigments, Here we bx 


fle Site Mead oel nerating in its fnleciags ele matter and 
comlg ed corpo in tho same way granules sia ak re 


are developed fn the bodies of many originally 
when they are known as it calls, 

‘The question as to what matters aro by the coll itself, and 
what are received into it from withont Se ee 
difficult, and frequently impossible, to anawar. 


know at present but vo 
pce fe clusions may 
ry Ui vor circumstances, a few con 

on these points, Thus the eae 

most probably be as similar to those of howe oC Lnvalttys 
judging fram from their chemical and morphological ik ae 
contractile fibre-cell of the latter we suppose the albumen. 
into pin,  Setinin, hypoxanthine, inosinic neid, inoaite, err 


Ta erclaier wile wolkic, it be ee ee 
the chemical 


those phenomena 
cell as istabolle oesosinsen' ead speaks of osayabelle ae 
fabenat bean 
$52. 
The interchange of material going on among animal cells, as 
know! of be), has made 
(hei ler Rat Hodge mar Maes a 


products of decomposition or the earlier 
esi tation Tehns aleo brought under notice a number of formaifoas 
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‘It had long been known that the free surfaces of tho columnar cells in 
jucetion were covered with 


are 0) 
finely dotted (fig. 742). At times, 
the markings on the borders of the 


i 
: 


ity 

He 
= 

iii 


: 
il 


very much the appearance of ciliated elements, 
§ 53, 
‘The nature of this cell-border on the free surface 
epithelia just mentioned, leaves no room to doubt the 
produced by the coll itself, und not deposited on ite membrane from 


Fi 


‘These may 


noy Te 

wey i 

&e., formations which all cor 
structureless 


rariee ia th 


basement membrane of the En; 
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85 
a In our opinion, the latter glazs-like subepithelial strata have nothing to 


lo with the cells of this tissue, they are more probably modified limiting 
layers of the connective tissue of cornea and mucosa, 


ee 2, ) 


Fig. 78—Folliele from the large intestine of the 

guinea-pig. Gland at a, with Mendrama yeo- 
pris partially visible: #t 4, the contents have 

‘escaped Uirough slit In the latrer membrane, 


Ee 


Fig. 7% —A human racemow gland (runner) with 
sacenles of the Membrane propria. 


out by Koelliker (fig, 80). 
have been regarded by eome aa produced 
tion from the celle themselves,—a theory 
by the fact of the eeparation of the tmns- 
by whieh it is formed, nor that it outlasts 
had its origin. Tt is, however, difficult to 
ion of cella identically the same, only those 
the power of generating such a gecte- 


tf 


i 


& 


=e 
FF 





sof He of hate from tie 
he fasienenits of a hale 


‘sinbryo alxtocn woeks ald. chee a 
eae noe The consideration of these p 

troduces us to a doctrine in histology originating with ber 

for a Li ard exercised great influence over the Ler 

of the ce, aud regulated the views 
We refer to his theories ecg 
whieh, pe shes aa @ ground. of tists, 
which, when occurring between cellular 
ments is known as “ intercellular substance” 


81 — sae | Satnesed srintion 
tune. tram the Uinta of 
‘ 
lood-renbele 


rs 
fone of serous cavities and blood-wessals 
8) 
tages of oles ee Sees 
4 connecting medium is apparent 
parassl closindta of tiss basen eae 
Vic. Ft—Colmmnar vette with in small quantity, as, for rinses 


Wiesebuaretaies 1 opithelium already mentioned (Rig. 
When the cells of a simple tissue in or ey pated on 


other hand, the it substance in: 
creases more and more in amount, and com- 
mencea to oligos ih oe 
wholo tissue, 


hay oot best ccm of tee ie oe 


Saar aes rs seg and composition. 
Thos we moot with ih for inwtanen, pecially 
eos most usual form—without 
| eee n 0a between the calle ee 
ui 


m. In many species of 
ug whito; in others finely stroal 


or lows extent, 
‘Asolbee kind of cartilage, known as tho “olastio "or" 
& most joe: init the intercellular matter 
my) Seroquiat taterlscing bands and Ebres (ig: 64) 84), 
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i same 
is a phenomenon the 
fin the following description much that is hypot! 
supply points upon which we possess no certain 


in secondary capsules (d) are found 

. On the commencement of the 

(2); upon which a transverse 

(3); by the deepening of this 

into two segments (4); which 

initiating the constriction of the cell- 

th Poca (tn eB cd 

capsule, which remained throughout 

new elements are known as “daughter cells,” 

inal cell, or, more correctly speaking, the capsular membrano 
has received the inappropriate name of “ mother cell,” or 
be 


sketch be correct, the only difference existing between the 
dezeribed at (1), and the latter, consists in the presence 
ina corpusele of ¢ mammalian embryo, if we 
with ae eae HaSRicneeey; Fhe mae Bia of 


F 


E 


iG 


Lr 


i 


i 
af 


i 


of ‘artinge call. o, body of calla, 
5.6 moctel: a, en Ie; 6 subsequent 
‘of tapnules around the latter 





90 MANUAL OF HISTOLOGY. 


placo in the mammalia is, 
tained. ‘Il 


Ng. #.—Segmentation of the mammalian ovum (half. 

He), 2, Yelk cleft in twos 2 further subdivided 

Awlo four spherues (cells) with onelel; 8, # large number 
of nucleated cells; 4, @ , repurate corpuscles. 


Throughout the whole animal kingdom this 
observed in the ovum. ‘Those cases are particu! 


is to be hoped that further research may 
to the mammalian egy, and thus rid the theories of yelk-segmentation 
many contradictions and difficulties which at present offer such unpleskant 
obstacles to true progress, 
As regania the mechanism of the process of sogmentation, science is not 
able to give any satisfactory explanation, There can be no doubs, 
wwever, that the vital contractilit 





ELEMENTS OF STRUCTURE. ot 


$56. 
fit decd th eatin eae 


66 


This 
yak the Mom thesia 5 
te ree eee or more nuclei may be recognised 
peculiar modification 


the entire act of 


of the process of 


ot ale 


ae 
Lal 


er cnn ee nie condi- 
aera ny 
dea of the case in point. pes wasere ony 





92 MANUAL OF HISTOLOGY, 


cluding a still number of pus-corpuseles, and altered in their shape 
‘on that aceount (d). 
On tag bene Rie Sh th Dae 


in elitad eal auc Se aereik ear eet 


ese pus-cells may be found cet 
crits of the la bladder (g). Such Sal saaemtsa 

another exp! Pus-corpuseles, elements whose vital 

is beyond at dont (12) may have waned at the. 

from without, Such an immigration of atrange elements has bee - 
to take place recently into the cells of some morbid growths d . 

‘The same appoarances aro presented farther 
stractures, which are 

ile-ducts and intestinal canal of rabbits, 
parasitic organisms (fig. 92). 
$57. 

Of the various modes of reproduction or proliferation of animal cells, 
that which goes by the name of growth has been long known, 
although its details have been vario interpreted. Bat it is conn 
paratively recently that segmentation has been ond 
mainly 80 through the numerous proofs adduced by two observers, Remat 
and Virelow—the fire from the wide ald of embryology, the Intter from 
pathology. From them emanated a contradiction of a Sota ee 
by Schwann, which influenced for a long time all our views in regard to 
listogeneais ; and the opposition soon became so widely supported as eam 
pletely to throw Schyeann’s theory into the shade. 

n my fay re expphenie cells are i aes a 
lent any previously existing. “There is," sa; 
coll already or between them, a structer 


inte ue ihstanco ; this matter ( ee 
cont or T poveola sul Ce 
cretion dou 


, preais the nueleol 
eteclan of in body for surrounding molecules of 


ADs 
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$58. 


jous. 
Firstly, the existence of a cell may terminate purely 
ray be Fabled or off from ite bed. Thus wo see the 
like cells of and 


more simple or even aingle] 
the same extent aa was supposed. 
of the cells of the locality in which it is produced. 
This mode of destruction, however, is the most rare, the cell 


Vig: 02—Detachos cells of eplder- 
amis from the human skin. 


supposed to disappear, as also 

we Is, and those in’ which 

oe ane alkaline seh eo 

qd is composed is 

its xe identical with mucus, 

yradual deeay of the cell, are of interest 
namely, from the 


of things to the support of thelr own 
liar view, 
Wo occasionally moet 


ipo 
part of the membrane of the ecll and escape of the contents (fig. 94, 

Another change to which the body of the cell is liable, is into 
inatter, a much more stable substance than mucin, which, in contr 
distinction to the latter, is not precipitated by acetic acid. The connective 
tissue cells of the plexus choroidei, and the cellular elements of the thy- 
roid gland, are specially subject to this degeneration. 

But, again, far different chemical transformations, #0 to. 
can the cell moot the destiny of all organic things, its dimolution 
at the samo time hastened. There are usually two kinds 
foreign matter to be found in the bodies of cella, which may 
acapable of furthor existence, and, curiously enough, of su! 
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distributed the sem and which constitute the normal 
contents of the of other ‘These are (1), neutral fats, deposits 
of which, for instance, cause the destruction of nume- 
rous cella of the Graafian follicle during the forma- 
tion of the corpus lufewm in the ovary (fig. 95, a). 
The same effect is produced by these fats on the 
gland eells of the mamma during secretion; (2), by ealts 
of calcium (phosphates and carbonates) in the process 
which is termed caleifleation. Rises ie hie re 


ie 


da, of ‘fatty and) cal- 

Z degeneration appear in 
the tissues which do not exist in the normal; as, for 
id (§ 21), and the peculiar withering of cells in tuber- 


il 


i 


which we have been spoaking, and the 
to be found between them, that the remaining elementary parts 


ane 


Yim, YB — Ountrac~ 
MWe Mirewell, 


oval shape. This ie Case 
ylinders consisting of globuline, which form the 

in some structures multiplication of the nucleus may 
tion of animal to form tissue elements. 
avery abundant tixsuo of the body, namely, 


Jindlical fibros (fig, 97, 1), of vary- 
Cate ert (2, a) penbitly eign & 
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stractureless sheath. in diftcoet earn 0 ba taal a 
tnarked by fine 
‘stadded w 


Fig. s1-—1. Vibro of sriped muscle into 
emi is more dated 
jen more 
hy % A fibre, 6 65 torn trough, with 
partially separated, a. (Copied | 
| 


ah es 


Lebert's and Remak’s, a3 well s3 a Ze Snvetaus have shows 
that each of these fibres has its 


almost reached ae Sal doriapaoes ‘The origin 
DGD (tha is Sis lene tp. But it must not be 
formerly the case, that the structareless sheath (5): 
membrane ; St Seats tatioe dopontiad eatencaliy CaS 
§ 60, 
From what we haye seen of the mode of developmont of striped muscle 


fibres in the preceding section, it is clear that many cells 
rable transformation without in the least ‘aati thee tad 





o 


ii 
= 
a 
: 
; 
: 


g cells, but is rather an intercellular space. 


al 


ths 


sot ha 


ste Hee sae 


f ae 
ieee 


d, however, the true 
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series of the most striking transformations takes place in an originally 
purely cellular tissue, a es 


is 
Pig. 105 —Connoetive tHesue from between the muscles of the * = hich 
Jeg oi frog a conucotire-tome eal Fels ma united by fasion | 





II. 


THE 


TISSUES OF THE BODY. 


I]. THE TISSUES OF THE BODY. 


A. Tissues composed of Simple Cells with Fluid 


Tn the blood-veszels of our body, a closed aystem (except in the case of 
the of intercommunieating canals, into which, however, the lym- 


Jacteals 
Aluid, “ the blood,” w 


their contents, there exists an extremely com- 


Coa gn poy ie Hod 
while 


Boeri Taga our Tone. tt pet conparte Pus 165, 
fs our i. 
lo the various handbooks of histology. 
§66. 


‘anatomical composition of the blood with the aid 
wer, we find it to be made up of a transparent 





108 MANUAL OF HISTOLOGY. 


colourless fluid, the plasma, or liquor sanguinis, in which two kinds of 

cells are suspended, namely, the “ red blood-cells” and the “ colourless,” or 

“Iymph-compaselee* of the blood (lymphoid-cells) (ag. 110). The first occur 

in great preponderance, and are the cause of the 

oO “© red colour of the blood, while the latter generally 

> represent but a small fraction of the number of 

2@ I" @y-7 calls contained in the whole mass of the fluid in 

2 i] 8 question. Besides these, we also meet in human 
@- lod with conglomerationsof minute pale: 

Fig. 110.—Human blood-cetts. measuring 0°0011-0-0022 mm. (Schultze). 
From'apergaazhelfate ‘The coloured blood-celle discovered long ago by 
Tio the aide, €; Iympl- Malpighi, and which have since then received very 
sospansies &. different names, such as “ blood-granules,” “ blood 

globules,” ‘‘ blood-disks,” “‘ blood-corpuscles,” and “ blood-vesicles,” appear 

in human blood as circular formations, with a yellowish tint, and sharp 
and delicate contour. They display among themselves but little variety 
either in size or otherwise. Their number in a drop of blood is enormous; 
it may be accepted as being about five millions to the cubic millimeter. 
©. Schmidt ostimates their epecific gravity at 1-088-1-089, Welcker at 

1105. ‘The diameter of the cell in the blood of the male averages 

0-0077 mm., with extremes of from 0:0039 to 00024 mm. 

With very accurate focus the living blood-corpusclos lying in the plasms 
present in their centre a clear colourless space, and also at a spot in their 
interior a slight shading of more or less semicircular outline, situated at 
that aide of their border opposite to that from which the light is thrown 
on the field (fig. 111, «). 

The reason of this appearance becomes clear so soon as the cells are eet 
in motion. Far from preserving their circular form, in rolling over the 
ylass plate of the microscope, they appear when standing on their edge 
(cc) like thin biscuit-shaped rods, with thickened bevelled ends, and con- 
striction in the middle. In thickness they are about 0:0018 mm. 

From what we have just seen, there can be hardly any doubt that the 
form of the cell is in reality that of a biconcave disk with bevelled, 
swollen edges. The volume of the human blood-corpuscle has been 
estimated by Welcker to be 0000000072 cub. millim, the weight 0-00008 
milligram, and the superficial extent 0-000128 square millim, Its body is 
composed of a completely homogeneous substance of a yellowish colour 
Dy transmitted light; this deepens to a rather reddish tint at pointe where 
any two cells overlap one another. Should they commence to form 
larger aggregations, they then begin to show the red colour of the blood 
itself. 


§ 67. 

In order to make ourselves better acquainted with the further nature 
of the blood-corpuscle, it is necossary to observe the effects of certain 
external agencies upon it. If we exposo a drop of blood on the glass 
plate of the microscope for a short time uncovered, and allow it to evapor- 
ate, the form of the cell changes (fig. 111, 4). With a decrease in size 
down to from 0-0059 to 0-0052 mm., it, becomes irregularly angular, 
lumpy, and frequently stellate, the pointed portions coming out as dark 
dots in the object. We have ‘here to deal with a shrinking together of 
the body of the cell depending on a loss of water, a process the interpreta- 
tion of which in human blood presents many difficulties owing to the 





‘TISSUES OF THE BODY. 11 


nothing of the usual central depressions ; resist for a comparati 

cake lea nae wl iene th 
ce io . aro some a3 

appearan ail iry } ; upon by 


Rewaxxs,—Bealo in the “Quarterly Journal of Microscop. Science,” 1864. 
‘Transact., p. $2. 
§ 68. 


of the coloured cells of the blood of other vertebrates, as a means 


our for instanes, in the horse, 00056 mm., and rabbit, 00080 mm. 
ream eeereea lla Tiegyer cf aire Of thm ritzante, sot she lar, alpeca 


own, 
however, become the prevailing form in the 
brates, manifesting, moreover, striking varia- 

which we have missed up to this, now 


aprelage 


i 


Pe 


> 


113.—Coloured Mood-corpusclen 1, From the human betne : 
cable, asumonselun, “Ato viows'tn profes A tren the 
“etge (montly after Wageer). 
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ss been set down to a certain clamminess of their surface. 
am® spevideaily lighter than their red companions Ina 

asly dilated with water they gradually collect on the 
refer again, lower down, to their position in whipped 
as well as ezszalaied Liood, as the best proof of their lower specific 














Iz §s cow mang years since Iharton Jones first demonstrated 
Ismyph-corpuseles in the blood of the most different vertebrates, 
}, Prt IT. p. 63.) 2. Whilst the red blood-cell of the human 
to its characteristic peculiarities, of being confounded ia 
tke bady, it is quite another matter with she coloesian 
ds of the system, containing protein matters in solutiog, 
ats se seoresecrieeti. udentiond wells pia. chyle, in lymph, 
to distingnich these from the others is impossible. There 
», that the deviations from the typical form mentioned 
ditferences in age ; but to determine which are old 
possible. These colourless elements exist also in the 





ing to the dimensions cf the latter, they may be the largest or smallest of the twe 
species. 
§ 70. 
In frvsh blood the red cells give no signs of an active change of form, 
and are only remarkable for their elasticity and extensibility. ‘The white 
corpuscles, on the other hand, belong, 
i VE ay in almost every case, to the class of con 
' $  tructile cells already mentioned (§ 49); 
@ @ and can retain this power of motion for 
Se many days in blood which is preserved 
ah cool. In cooled preparations, however, 
a ¥ s these changes of figure can only be re- 
y cognised with difficulty, and take 
but slowly (fig. 117). But the whole 
scene is changed if the normal tem 
4 ture of the body be artificially main 
tained during examination (fig. 118) 
Fe en eset We can then distinguish a lively de 
velopment of frequently very long pro 
cesses, and wonderful configurations of the lymph-corpuscle. - The latter 
creeps at the same time hither and thither over the glass plate, and takes 
up small particles of any matter in the neighbour 
hood into its interior, such as cinnabar, carmine, 
or milk-globules, &c. But for this it is requisite 
that the lymph-corpuscle have attained a certain 
inagnitude ; smaller ones put forth but inconsider- 
able processes, and do not alter their position, while 
the most minute, measuring perhaps 0-0050 mm, 


JD do not evon possess the power of varying their 
Hu 





shape, 
These changes of form and locality of the lymph- 
Fig.118—The same corpuscle may be also very easily seen in the blood 
furcof the baty;emneta; of cold-blooded animals: the frog and salamander 
them contain patties of afford excellent examplea, 
cotoarng sinttede The number of white blood-cells compared with 
the coloured is always inconsidernble, and in the human being as a rule 
very small; to a thousand of the latter we find at most two or three 
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matters containing phosphorus” found in the blood might possibly 
Delong to the cell, was subsequently shown by Lehmann to be quite cor- 
rect. The cells of venous blood, moreover, appear to be richer in these 
cerebral substances than those of arterial blood. 

Of the products of decomposition of the blood-corpuscle but little is 
as yet known, except that hiematoidin (§ 35) may be regarded as a trane- 
formation product of blood-cells breaking down in the living body; as 
also bilirubin (§ 37), and in all probability cholestearin. 

As fur as these matters generated by the transmutative power in the 
cell do not rapidly lvave the latter, or undergo further metamorphosis 
immediately, they appear in the uninteresting form of the so-called extrac- 
tive matters (p. 54, remarks). 

Finally, the nature of the mineral constituents, proper to the cell in 
contradistinetion to those of the plasma, is of great interest,—an aspect of 
blood analysis first brought under notice by C. Schmidt. Among the salts 
of the blood-cell there appear some which are soluble in water, bat in 
smaller quantity than if the cell were simply saturated with plasma 
Further, the cell appears to be poorer in chlorine, but richer in phosphorie 
ucid than the plasma; it likewise shows a much larger propurtion of 
potash, and on the other hand a considerably smaller one of soda than 
the latter fluid. Thus, we find in it principally the phosphates of the 
alkalies, together with chloride of potassium, whilst, chlorite of sudiam 
preponderates in the liquor sanguinia. Tho latter is, moreover, richer in 
phosphatic earths than the cell. 

Now, since iron is not met with in the intercellular fluid (C. Schmidt), 
all of this metal which exists in the blood must be contained in the cells, 
Copper, also, and manganese (whose presence in the blood, however, mast 
be still regarded as doubtful), ought also, according to analogy, to belong 
tu the contents of these elements. 

Finally, tho red corpuscles possess of gases almost all the oxygen of 
the whole fluid, which gas is retained in loose chemical combination 
with the hamoglobi a fact which may be looked upon as the greatest 
in physiological significance of any yet adduced in connection with the 
little ‘structure in question. Deaides this, the corpuscles contain a con- 
siderable amount of carbonic acid (A. Schmidt). 

What the nuclei of the blood-corpuscles of the lower vertebrate animals 
consist of is not yet known with certainty; it is generally supposed to be 
of somo albuminous substance like fibrin, although a recent observer, 
Branton, belivves them to be composed of mucin. 


§ 75. 
The number of substances held in solution by the dutererlalar juid of 
the hloud ix still more considerable than those contained in the cell. 
First of all, we mect in the plasma with several matters belonging to 


the allmminous group. 
In the first place, the two com 














ents of fibrin, namely, fibrinogen 
amd fibrinoplastin, the latter fi ity way into this fluid from the 
Tlood-cells (§ 11). Coagulated fibrin formed from these appears in the 
proportion of about 4 in 1000 parts of liquor sanguinis, but is liable to 
vary considerably as to quantit; n in the healthy ‘ 

Albumen (serum albumen), aus previous analyses have shown, is 
contained in far larger proportion in Jiquor sanguinis than fibrin, is very 
probably held in solution hy salte, 
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certain number of the red corpuscles escape being entangled in the 
coagulum, appearing as a kind of reddish sediment in the lower strata 
of the serum. 

When a quantity of blood is beaten and whipped up, the fibrin 
deposits around the instrument used, and the former remains flui 
such defibrinated blood the sinking of the red corpuscles mentioned in § 78 
may be best observed. 


§ 80. 


The process of coagulation of blood, moreover, displays much variety. 
The consideration of each several point connected with it in detail, how- 
ever, would lead us too far here ; we will only, therefore, touch on some 
of the most important matters of interest. 

As regards the rate at which the changes take place, we find that they 
may be hastened or retarded. Retardation is easiest produced, as a rale. 
The coagulation of bleod is accelerated by setting the fluid in rapid motion, 
as, for instance, by means of whipping or beating. The blood of men is 
said to coagulate in general more slowly than that of women. Further, 
arterial blood solidifies more rapidly than venous, whose greater amount 
of carbonic acid exercises a retarding influence on the process. 

Again, atmospheric air accelerates the clotting of blood, which explains 
the fact that, the finer the stream of blood flowing from the orifice of a 
vessel, or the flatter the dish in which it is caught, the more rapidly does 
it become solid. Hevrson’s experiences, also, are in harmony with this, 
who found that air injected into the vessels of a living animal frequently 
furthered coagulation. However, we may prevent the access of air to the 
blood of a dead animal with all caution, without being able to preserve it 
in a fluid state. Thus we see that it may coagulate without the influence 
of the oxygen of the air, as it does also in an atmosphere of carbonie 
acid, hydrogen, or nitrogen gases. 

As to the influence of temperature, we find that warmth favours the 
process in general, while cold retards it. Coagulation may take place at 
any point above freezing, and if we subject fluid blood to the action of 
great cold it may be frozen before coagulation sets in, subsequently under 
going this change on being cautiously thawed. 

How far changes in the composition of the blood may influence the 
rate of coagulation has not yet been sufficiently accurately ascertained. 
One important item in the process appears to be the nature of the fibrin 
itself. ‘Thus the blood of certain animals, as, for instance, of the horse, 
solidifies slowly, whilst that of the sheep does so more rapidly. The 
annals of medicine also record extraordinary cases of extremely late coagu- 
lation, which are probably only to be explained likewise by some modifica. 
tion in the constitution of the fibrin. 

The character, also, of the crvesamentum is liable to vary greatly; eome- 
times it is uncommonly small and hard, sometimes large, soft, and fragile. 
Poorness in corpuscles may cause the first of these states, an increase in 
the latter the second, in that a superabundance of colla—other things 
being equal—must be looked on as a hindrance to the contraction of the 
fibrin, whilst in an opposite state but slight resistance to it is offered. 
A larger proportion than usual of water in the blood gives rise also to 
a softer coagulum. 

Beside all this, there occur also very incomplete cases of coagulation 
where the process remains stationary in one of its earlier stages; indeed, 





124 —Wload-cessela of the frog's mensentery, 
"\Eangraian ct allel nae iy. ehoes ob 9, ie ade 
linanly excaped. "by « vein ‘cells closely applied 
throughs fh eatarnal to the vessel; culoured blood-corpusdex 


with destruction of the colonred elements after ion, and : 
from them of hmmatoidin crystals, In such effusions itr ay 
may again moet with those celle already mentioned containing 


es, 
colourless cells derived from the medulla of bones, the 
lymphatic are now looked upon, and indeed rightly, as 
to replace the logs of the red corpuscles (§ 71). 
But in what proportion these undergo: 
‘not yet ascertained, and is dependent 
red colls, still completely anknown. 





132 MANUAL OF HISTOLOGY. 


are still destitute of hemoglobin, which gives them their characteristic 
peculiarities at a later period of their existence. Their size is also 
various, exceeding frequently that of the cells of fully developed blood. 
Their average diameter in the embryo of fowl is, according to my obeer- 
vations, about 00128 mm. 

Little by little the cell becomes clearer, and the characteristic yellow 
tinging with hemoglobulin commences, this substance being deve 
loped by the body of the former. Such coloured nucleated cells range 
in their diameter in the human being and in mammals, from 0-0056 to 
0:0160 mm. (Paget, Kolliker). 

Whilst this transformation of embryonic cells into blood-corpuscles is 
proceeding with the further development of the circulatory system, the 
blood must of course contain, at the same time, both kinds of cells, 
the coloured as well as the more advanced, besides immature colourless 
ones. 

During the earlier periods of foetal life, however, rapid multiplice- 
tion of the red cells by means of division takes place, as was first observed 
by Remak. This may easily be followed in the embryonic chick. 

The process begins here with division of the nucleolus, then follows 
that of the nucleus, which generally splits into two portions, and only 
very seldom, according to Remak, into three or four. Sometimes such 
a nucleus will divide anew, but it requires a very close search to discover 
in the chick cells engaged in more than the usual binary division. Finally, 
the contractile body of the cell is seen to undergo constriction in the 
middle until the two portions part company. The extreme delicacy of 
these blood-cells frequently gives rise to artificial appearances, for 
instance, of cells which are furrowed in the middle, and only contain s 
nucleus in one-half, or others whose two portions containing nuclei are 
held together by a long, thin, connecting thread. In the fuctal chick it 
is just in these periods « of formative life in which the liveliest increase of 
blood takes place, that this process of division (which may, as it appears, 
pass over very rapidly) can be best observed. Later on, at a more 
advanced stage of development, it ceases altogether, according to Remal's 
and our own observations, 

We owe much to Kolliker for his profound in- 

©)- vestigations in regard to the blood of the mam- 

malia. Of the correctness of his views I con 

oe vineed myself years ago in embryonic deer (fig. 
G6 125), as well as later on in rabbits and the human 

a embryo. Lere also the same process of division 

may be recognised. According to Remak, multi- 

20 8 nuclear cells occur also frequently. To me the 

nuclei always appear granular. Moreover, the act 

VQ. (): of division is liable to temporary variations, it ap- 





pears, Thus in rabbit embryos of 9 mm. long I 

have only romarked a very small number of cells 

engaged in division, while the process could be 

‘embryo of the dee often recognised in much larger ones, The fur 
Mor Meianotthesameron ther destiny of these in general still larger cells 
bios. (thongh they may vary considerably as to dimen- 
sions), consists in this, that they take on more and more the spherical form, 
lose their inequality as to size, and axsumo the typical shape; the nucleus 
disappears at the same time in mammals. Even at a very early period 
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glands they were met with, tho possibility of their origin in these s0- 
called glands was recognised even years ago. This view received sup- 
port, alo, from the discovery that the contents of the latter is the same 
as that of the lymphatic vessels. In the mucous membrane of the 
digestive tract there occur also small lymphatic glands, known as “ Peyers 
patches,” and hence the origin of the few isolated lymph-corpuseles found 
in the smaller branches of the chyle vessels, leaving the intestinal 
tube. 

And, in fact, the cells of lymph and chyle are the corpuscles of these 
organs which have penetrated into the hollow interstices of the lymph- 
nodes, and have been carried off by the stream of fluids, These points if 
borne in mind will render the description of the lymphatic glands more 
easy of comprehension, in discussing which we shall have to cousider the 
origin of the cells in question in the latter organs. 

How far these cells are capable of undergoing multiplication in the 
lymph and chyle streams, is also a matter worthy of our consideration. 
At present we are in possession of no reliable facts bearing upon this 
point. 

§.85. 

However important it might be to determine the amount of these fluids 
in tho body, even approximately, science possesses at present no certain 
data to go upon in regard to their quantitative analysis. We can only, 
80 far, conjecture that the amount of both must be very considerable, and 
that, as through the lacteal system, so also through that of the lymphatics, 
an extensive intermediate circulation exists. 

If we now turn to the chentical conetitution of these two fluids, we 
have at present but very insufficient analyses to go upon. Hitherto it 
has not been possible to investigate cbyle and lymph in a manner 
adequate to the requirements of histology. We cannot yet oven accurately 
determine the composition of the moist lymph-cell. All the rough analyses, 
too, which have hitherto been made, display enormous ditlerences, owing 
to the difticulty of obtaining largo quantities of lymph and chyle in s 
pure state, and to the changeable nature of both liquids, 

As to the cells, they consist of various modifications of albuminous 
compounds, the enveloping layer showing different reactions to those of 
the nacleus and protoplasm of the body of the cell, which encloses 
molecules of a coagulated albuninoid, and of fats: it is soluble, namely, 
in dilute acids, while the nucleus is not. 

Lymph is a more or less clear, alkaline, watery liquid, whose specific 
gravity is not yet known, In it may be found, again, those protein sub- 
stances which are likewise present in the plasma of the blood, namely, 
the two constituents of fibrin, with allumen and its modifications, The 
former give rise here, also, to the coagulation of the tluid when collected 
in a versel, And yet a difference exists between the fibrin of lymph 
and that of blood in tho manner in which it solidifies, Lymph, namely, 
does not usually coagulate in the corpse, but subsequently on being 
drawn off, and only after frequently very long continued exposure to the 
oxygen of the atmoxphere, As far as is known at present, from ten to 
twenty minutes appear nevessary ; but even an hour may pass over before 
it takes place (Nie). ‘The lymph-clot retains also, as was the caw with 
that of the blood, the form of the vessel in which it solidifies, but is 
naturally much smaller on account of the much smaller number of cells 
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As yet we know but little as to the first appearance of lymph-cells in 
the embryo. But from the fact alone, that lymph-corpuscles may be 
observed in foctal blood at an early period, we may infer that they occur 
also largely in the lymph. 





London, Edinburgh, and Dublin Philosophical Magazine, Feb. 1841. 
Comp. also Nasse’s article ‘‘ Chyle,” p. 235. 


B. Tissues composed of simple cells, with a small amount 
of solid intermediate substance. 


8. Epithelium. 
§ 86. 


By epithelium we understand tissue formed of closely associated 
cells, which clothes, in layers of greater or less thickness, the external and 
internal surface of the body, canals of exit and even numerous com- 
pletely closed cavities of the system. It is only through the nearer 
acquaintance with the history of ite development that we have been 
enlightened as to its true nature. And for this we are indebted to the 
searching investigations of Remak, from which we learn that at an early 
period of development the flat rudimentary embryo is bounded above 
and below by two strata of cells, the corneous and intestinal glandular 
layers, From the first of these the epithelium of the external surface 
takes its origin, and from the second that of the digestive tract. But the 
cells of these two layers play a further part in the construction of 
numerous other organs. 

Thus we find that it is not alone the outer clothing of the body, the 
skin, with its manifold reduplications, which bears these epithelial layers 
of cells, but the mucous membrane also with which it is continuous, 
the glands of the intestinal tube, the internal surfaces ot the respiratory 
and generative apparatus, and even parts which have completely ceased 
to communicate with these primordial epithelial layers; as, for instance, 
the cavities in the brain, the spaces and bounding surfaces in the eye 
and auditory organs: these all possess this characteristic covering. Owing 
tothe fact that the secreting gland-cells having the same origin as 
the epithelia, we frequently find transitions from one kind of cell into the 
other in the interior of those organs. 

The epithelium extends, however, still further throughout the body. 
The strata of cells enclosed between the corneous and intestinal glandular 
layers, namely, the so-called middle or intermediate layer, becomes, with 
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advancing development, the seat of various cavitios which acquire subse- 
quently on their inner surface a clothing of epithelium. It is in this 
exceptionul manner that the epithelia of serous cavities and lining mem- 
branes of the heart, with the blood and lymphatic vessels, have had their 
origin. 

‘The elements of epithelium are pale, transparent cells, with distinet 
nuclei, only absent in the older cells of many kinds of tissuea. The 
size of these cells is liable to vary greatly; it lies between 0-0074 and 
0-056 mm, ; that of the nucleus is less so, whose diameter may be stated 
on an average to be from 0°0045 to 0-0091 mm. The appearance of the 
latter may be vesicular, homogenous, or granular. 

It has already been remarked that the surfaces of the body are clothed 
with layers of epithelium of varying thickness. The depth of the tissue, 
in fact, changes to a most extraordinary extent in the several localities of 
the system. Whilst some strata of epithelial cells may attain a height of 

2 mm, and upwards upon the external skin of 
the human body, so that they were recognisable 
to earlier generations of anatomiats without the 
aid of the microscope, they may yet decrease 
in thickness in other places, forming thin coat- 
ings of only a few layers of cells, invisible to 
the unaided eye. Finally (and this is the case 
on over by far the greatest portion of the sur 
ee: face of the body), this tissue may consist 

"at epithelium cells rom Of one single extremely delicate layer of cella 
tive honman mouth. The most important feature which this 80 
widely-distributed tissue presents for our consideration is the rariety 

of form which it displays, which has led to the recog- 
nition of several distinct species of epithelium. It is 
comparatively seldom—and in the human body over 
very limited areas—that epitholial cells preserve the 
original typical form of the cell, namely, the sphe- 
Fig. 128—Cslinder or yyidal. We generally find cither one or other of the 
from'thengeeintes changes affecting the spherical body already considered 
tine of the rabbit. (§ 46), i.¢., flattening or lateral compression, so that 
it usually appears, with modifications in particular instances, either 
as a flattened, squamous narrow cylindrical cell. 

We must therefore distinguish between 1, the flattened or pavement 

sty ~) Cpithetinm (fig, 127) and 2, cylinder or columnar 
wy WY epithelium (tig. 128). 

Other modifications of this tissue may arise from 
ec the free surface of the cells bearing minute hair-like 

appendages, as wo have already mentioned. Thus 
a third special form is produced, the ciliary epi- 
thelium, tig. 129. Tn man and the higher animale 
it is almost exclusively upon the cylindrical cells 
that these supplemental structures occur. 

Again, in certain regions of the body the cell is 
found to possess peculiar contents, namely, granules 
of black pigment or melanin, with which its hody may be charged. 

In human beings and mammalia it is only the more flattened cells of 
the epidermis which have these exceptional contents. They represent 
what used to be described by histologists aa polyhedral pigment celle 
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nuclei of 00056 mm. in size, or less, All these cells display under high 
microscopic powers a very peculiar structure (fig. 136). Their whole surface 
namely is covered with prominent ridges and spines (a), by mean of which 
neighbouring cells are attached to one another, “like two brushes whose 
Dristles are pressed in among ono another” (Schultze). 

In the outer layers, finally, the epithelial cells (tig. 136) appear as thin 
scaly structures, without either grooves or pro- 
minences, and of considerable size (0°0425- 
0-0750 mm.), with more or less oval and 
homogeneous nuclei of from 0-0090 to 
0-0114 mm. Here the body of the cell eon- 
tains a fow granules usually in the vieinity 
of the nucleus. 

But the cell has also changed in ite 
physical condition. Instead of the softness 
1 of former days, it now manifests a greater 

colle from the ‘ 
of the human or less degree of hardness and brittleness; 
it has become horny, as the saying is: it is 
also destitute of soft protoplasm. 

Apart from the differences in thickness which the whole bed may 
show (being, according to /Zenle, 0-2 mm. on the palate, and on the gums, 
behind the tecth, between the papillv, 04 mim.), the cells of the locality 
just mentioned seem to differ but slightly. 

The persistence of epithelium, already considered in speaking of the 
simplest pavement cells of closed cavities, appears to be the same in the 
urinary apparatus ; in the thickly laminated coatings of other mucose it 
is well known not to obtain. Here we have to do with a tissue under 
going rapid repair, in that a certain quantity of the most superficial cells 
is rubbed off continually, forming a regular constituent of the mucus of 
the part, whilst the deeper cells advance to the surface, and a process of 
cell-formation 3 place in the undermost strata in order to cover the 
Joss of the desquamating cells of the surface. The multinuclear epithelial 
cells which may be observed, by no means unfrequently, in deep parts 
of the strata, are evidence in favour of such a process of cell-formation, 
‘That the obliteration of the spines and ridges in senescent cells prepares 
them for separation, is very probable. 

Remanks.—JL. Schultze in Virchow's Archiv, bd. 30, 8. 260. 

§ 89. 

A niodification of the pavement epithelia we have just been discussing 
is found in the eye, in the so-called “polyhedral pigment cells” of the uvea 
These are epithelial cells, partly laminated to a small extent, and partly 
not, and moderately flattened, which occur in the eye in the form of a 
delicate mosaic. They have peculiar contents as a rule, made up of 
numerous elementary granules of the black colouring matter, melanin, 
already described (p. 52). 

Th 1s are met with on the internal surface of the choroidea in an 
unbroken but single layer, which becomes suddenly laminated in the 
vicinity of the ora serrate of the retina, at the same time that the 
in size, Thus a dl, they ane found 
wes, and in the human eye the posterior surface 
of the iris as faras the edye of the pupil. 

The granules of black pigment are sometimes elongated, sometimes 
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rounded, and usually appear darker the smaller they are, in any ono 
individual. They are probably crystalline. The tint of the mole 
enles is by no means exactly the same in different mammals. In man, 
where the granules are small, it is seen to be brownish black, but in 
many of our mammalia, as in the pig and calf, it is jet black. The 
size of these particles remains always considerably below 00023 mm. 
Answering to their minuteness, they show, on becoming free in water, the 
liveliest molecular motion, a phenomenon which may, however, be 
remarked in the substance of uninjured cells when strongly swollen 
under the action of imbibed water. 

The pigmentary epithelium itself (fig. 138) appears on the choroid as a 
simple bed of closely crowded cella, of a beautiful polyhedral, usually 
hexagonal figure, running at times through whole groups («) with tho 
greatest regularity. And yet they may be found indefinitely angular ; and 
rome unusually large cells are frequently octagonal (5). The diameter of 
most of these cells is on an average 0-001 4-0-0204 mm., and their thick- 
ness 0-0090 mm. 

The quantity of molecules of melanin contained in the transparent thick 
and tenacious contents of the cell is by no means everywhere tho 
same. We meet sume cells (and they are the 


most suitable for examination) in which s 
the amount of black elementary particles 

is but small, so that the nuclei and mem- 

branes, always very delicate, may easily [-) 


be distinguished. In such specimens the 

nucleus is found to be 0-0055-0-:0075 mm. Fig. 188 So-called plement, cals 
in size, either round or more or less oval, and josalc of hexagonal cella; 
always smooth-edged. It has usually one or 

more nucleoli. But much oftener the amount of molecules in the pig- 
ment cells is far more considerable, so that the nucleus only glistens 
through as a clear speck. Should the particles remain somewhat distant 
from the external surface of the cell-body, such groups of cells appear at 
first sight as though separated by narrow intervals of transparent inter- 
cellular substance. Finally, cells are encountered, 
in which, such is their richness in pigmentary par- 
ticles, the nucleus is completely hidden. 

‘A ‘side view of these pigment cells (easily 
obtainable, owing to the small amount of flatten- 
ing present in the structure) shows that only in 
one-half of them, namely, that directed towards 
the retina, do these melanin granules occur, a 
transparent contents occupying the other half. 
The nucleus is situated in the latter, or at the 
junction of the clear and dark portions (tig. 
139, 4). 

In conclusion, we may remark that cells with 
two nuclei are also encountered here, but are of 
rare occurrence. 

At the boundaries of the choroid, near the processus ciliarrs, the Iami- 
nated cells are smaller and less clearly polygonal, while they have become 
far richer in pigment, so that the nucleus can only he rendered visible in 
general by squeezing the celi-body. ‘The lining of the back of tho iris is 
of precisely similar nature, 
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With those mammals in which the choroidea forms a tapetum, the 
epithelial cells of the same undergo an interesting modification, being 
here destitute of the pigment molecules of the contents. On the bound- 
aries may be found certain intermediate forms, with very scanty colouring 
matter (lig. 139, ed); besides which some isolated black cella are encoun- 
tered among the colourless ones of the tapetum. In albinos, where tha 
pigment fails completely in the eye, all these cells with which we are now 
engaged are completely bleached, appearing in the form of a very delicate 
pavement epithelium. This interesting fact may be verified on any white 
rabbit, ‘The more markedly laminated epithelia have no pigment cella in 
man, but such may inake their appearance in other mammals, as, for 
instance, in the conjunctive of the horse (Bruch). 


Rewanks.—1. This layer of cells belongs, however, as we learn from the history 
of development, not to the U'vea, but to the Retina. 


§ 90. 


The region in which pavement epithelium is most strongly laminated, 
though indeed with certain modifications, is the external surface of the 
body. 

‘The surface of the cutis, which appears quite smooth to the unaided 
eye, is covered, nevertheless, by a number of minute prominences known 
as the pupill: tactus (fig. 140, a, a, «). ‘These, together with the depree 
sions between them, are covered with very numerous layers of cells lying 
one over another (be). Of course, the latter naturally possess a fat 
greater depth in the intervals between the papillze than on the apices of 
the latter, in that the surface of all the strata collectively, or the epidermis, 
is tolerably even. 

But apart from these inequalities, produced by the ridges of the cutis, 
the thickness of the whole clothing of cells is very different in the various 
parts of the body. It may range from 0-04-3 mm. and upwards, the 
more superficial layers of flattened cells being subject to the greatest 
change, the deeper, smaller, and rounder, to least of all (C. Kraw#), 
‘The tmequal pressure which the various portions of the skin experience, 
differences of occupation, and consequent use of certain parts of the bods, 
especially of the hands and fect, account, at least in a great measure, 
for this, And yet it has long been known that the epidermis on the 
sole of the fovt, even in the fwtus, is much thicker than that of any 
other region of the body. 

‘The cuticle of human beings and other mammalia may be divided into 
two groups of strata, into a superficial and a deep, which are continuous 
with one another, at one time gradually, at another with a tolerably sharp 
line of demarcation, ‘The first (/) is usually tormed the epidermis in the 
more precise meaning of the word, while the second has received the 
name of the Mulpighian layer, or rete muconum (h, ©). By a certain 
amount of maceration, these may he separated from one another, 
From the fact that the deeper strata fill up the intervals between the 

jv, they must natorally possess here quite a different depth from that 
the points of the latter, as already mentioned. Hence their appearance 
iy rendered more or lesa sieve like or reticulated, which has given rise to 
the name generally employed by the older anatomists, 

Tn these deepest layers we encounter not free nuclei, but small cells of 
about 0-0075 -0:0090 mm. in size, of roundish or oval form, in which case 
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Simple ciliated cells are also met with covering the mucous membrane 
of the female generative apparatus from about the middle of the neck of 
the uterus up to the free edge of the fimbria, 

Again, in the male, the vcsa efferentia, cont vasculosi, and the passage of 
the epididymis, down to about its middle, are clothed with similar cells, 
which becume larger and support longer cilia as we advance downward 
(Becker, Killiker 

In the new-born child it would appear the cavities of the brain and 
spinal cord still possess throughout a lining of ciliated cells. This is only 
partially the case, however, in the adult, ‘Thus, we find these cells in the 
central canal of the cord, at the posterior end of the fourth ventricle, in 
the uquaxductux Silvii, and in the lateral ventricles, The remaining parts 
of these regions are lined by simple pavement epithelium of more or less 
rounded cells, in the adult individual, The plexus chorvidei and tele 
chorvidee are covered by that modified rounded pavement epithelium men- 
tioned already in an ecurlier section (§ 88), though in the embryo they are 
clothed with ciliated cells. 

In conclusion, we find a stratum of flattened epithelium cells, arranged 
simply or in layers, and covered with cilia, in the Evstachian tube and 
cavity of the tympanum, which gives way on the surface of the latter, 
however, to a multilaminar pavement epithelium. 

Pigmentary ciliated cells are unknown. Ciliated epithelium appears 
to possess a limited physiological power of renovation. “ Goblet-cells” 
are frequently met with among them (Schulze), 


§ 94 

Any chemical examination of epithelium to meet adequately the require- 
ments of present day histology would have to undertake the analysis of 
cells and intercellular substance, as well as that of the nucleus, body, and 
envelope of the latter, should it be present. It would have to show also 
what the changes in chemical constitution are which the young cell 
passes through in laminated epithelium, while undergoing transformation 
into the scale-like formations of the older and more superficial layers, 

But these theoretical requirements cannot be responded to, in that we 
possess no means of isolating the several portions of epithelial tissue from 
one another, and can only subject the whole mass in the form of a mix- 
ture to analysis. In spite of all this, however, so much is certain, that 
epithelium is a tissue which, in its simpler forms and younger layers, is 
made up of cell-bodies, consisting frequently of protoplasm, while in 
epithelia of greater thickness the superficial layers undergo chemical 
transformation to a considerable degree, owing to which they become 
hard, dried, and more consistent, /.., become converted into corneous 
matter or keratin (§ 14), or, as the saying is, become horny. 

Many non-laminated pavement epithelia, together with cylinder and 
ciliated cells, display the ordinary ters of elements formed of unstable 
protoplasm, the action of water even causing changes in the cell, auch as 
pulling, expulsion of spherical drops, and bursting of the envelope. On 
the other hand, numbers of simple pavement epithelia resist the action 
of hoth cold and hut water, aud are affected only by acids and alkalies, 
earlier or later, after which the protoplasm ia changed, though a portion 
of it may remain unaltered around the nucleus. The latter usually offers 
a determined resistance to the action of acetic acid, 

‘The bearing of the deeper or younger cells of laminated epithelia agrees 
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with the desoription just while the more superficial ecale-like forma- 
ta aasiek j Jacaatherack oy give the reactions of keratin, 


represents, naturally, a mixture of substances; it forms the nucleus, 
contents, envelope of these elements, and the scanty intercellular matter 
the residue after treatment with water, alcohol, and ether. 

‘This mixture is then inaoluble in cold as well as boiling water, and (if 
not contaminated with other elements of connective tissue) yields no glutin 
on Patieg ace i acted on by acetic acid. Even to sulphuric acid, in 
which it pulfy, it offers a certain amount of resistance. With 
hydrochloric and sulphuric acid it gives the reactiona of the protein eub- 
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the nature of a mixture, so that its present analyses are almost worthless. 
We may take, for instance, those quantitative ones of Mulder and Scherer, 
which apply to the epidermis of the sole of the human foot. 


Scherer.) (Alulder.) 
C 51036 50-752 C5028 
Il 6801 6-761 H 676 
N 17-225 17-295 Nova 
0?) 04. 3 O 25-01 
§ 24938 25-262 ee 


The amount of sulphur (0°74 per cent.) in Dfulder’s analysis appears 
strikingly small, while it is found to rise to between 2 and 5 per cent. in 
the keratin of other tissues. As to the form in which it is contained in 
the latter we know nothing. It is, however, only loosely combined. The 
proportion of ash rises to about from 1 to 1°5 per cent. The salts obtain- 
able are chlorides of sodium and potassium, sulphate and phosphate of 
calcium, phosphates of magnesium and of iron, besides which silicates are 
also contained in the epidermis, 

The pigmentary cells possess the same characters as all the other 
epithelial formations. Those of the eye correspond in their delicate con- 
stitution with the non-laminated epithelia, In regard to the melanin 
with which they are charged, comp. § 37. Finally, we are still quite 
ignorant as to what the matter is with which the nuclei of epidermal 
cells, of dark spots of the skin, are coloured. 


$95. 


The elements of epithelium stand in very close genetic relationship to 
the gland-cells. emuk has shown that both tissues have their origin 
from those two layers of cells continuous with one another, which clothe 
tho internal and external surfaces of the embryonic body. There like- 
wise exists frequently between the epidermal elements and gland-cells of 
the mature body a gradual transition: many glands, namely, are lined 
with cells which can hardly be distinguished from those of the epithelia. 
On the other hand, as a feature in epithelial life, the formation of 
mucus has much in common with the destiny of certain gland ele- 
ments; and those goblet-cells mentioned above (§ 92) may be named 
single-celled glands. Finally, the tendency which they both display to 
excrete amorphous matter, as for instance, the thickened cell-border or 
that which hardens into the membrana propria or basement membrane, 
may perhaps be regarded as another feature common to the gland and 
epidermal cells. ‘The genesis of these two structures, however, must be 
more fully ascertained before we can unreservedly adduce it as additional 
proof of this relationship between the two. 

Now, when the question arises as to the purposes which epitheliam 
serves in the body, and why all the surfaces of the latter are clothed 
with such a continuous cellular coating, we must confess ourselves in 
a difficulty in ascribing to each species its particular properties, 

If we look for a physiological significance in our tissue, it may be 
«aid to have its basis in all probability in the relation of the latter to the 

seses of transudation, diffusion, and absorption of the economy ; and 





156 MANUAL OF HISTOLOGY. 


The destruction of epithelial cells is brought about, first, by solution, 
nextly, by mechanical attrition. This naturally deprives the system 
daily of a certain quantity of albuminoid matters, though in an altered 
condition. 

REMARKs.—The question as to a connection between epithelial cells and the ele- 
ments of connective substances and of nerve-tissue, must be discussed in « future 
section.—1. 1 have convinced myself of the presence of granules of cinnaber in the 
syle cells of a frog’s intestine, three days after their injection into the circuls- 

§96. 

Owing to their composition decaying epithelia are of the greatest im 
portance in the formation of mucus. The consideration of these tissues 
must, therefore, extend itself over fluids likewise. 

We understand by mucus a coating of a rather thick semifluid sub- 
stance, more or less stringy and tenacious, which covers the surfaces of 
all mucous membranes in varying quantity, and endows the latter with 
their usual moistness and smoothness. It must also be regarded, owing 
to its consistence, as well fitted to form s protecting medium agains 
chemical action, and it is probably not indifferent, besides, to the inter 
change of gases. 

Mucus is without odour and tasteless, and variable in its reactions, It 
is found sometimes transparent, sometimes more opaque, white or yellowish. 
Microscopical examination discloses to us in it the cast off epithelial and 
gland-cells of the locality in which it is formed, but in variable number; 
and besides these a small cell, the so-called mucus-corpuscle, whose appear: 
ance, size, and bearing repeats the colourless blood-cell completely, as well 
as the elements of chyle and lymph, and whose origin, as far as is at pre- 
sent known, may be very various. It may spring not only from epithelial 
cells, but also from those of connective tissue and lymphatic organs. To 
these are added the cells of the glandular formation of the part from 
which the liquid is obtained. Again, owing to its viscidity, mucus 
entangles usually a number of very minute air-bubblea. From all this it 
would appear that mucus is a most variable substance. From an ans- 
tomical point of view it is only a mixture of many dissimilar matters, and 
amongst others of various gland juices, which endow it further with 
chemical differences, as an expression of which we recognise the multi- 
farious fermenting properties of the several kinds of mucua. 

Chemical anaylsis discloses as a solid constituent a peculiar substance 
already mentioned (§ 14) known as mucin. Besides this we find extrac- 
tive matters, fats, and mineral constituents. 

Among tho latter chlorine, phosphoric, sulphuric, and carbonic acid, 
silicates, lime, and soda are said to exist in mucus. The following 
table from Nise may be taken as an example of its quantitative compos. 
tion. By subjecting human mucus, which had been coughed up, to 
analysis, he obtained the following results :— 





Water, . a : . . + 955-52 
Solid constituenta, . . . . . 44-48 
Mucin (and a trace of albumen), . . = 23-75 
Extractive matters, . . . : 9°82 
Fats, . = * : z 2:89 
Mineral constituents, ; z 3 ct 8-03 
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warmth of the body, and thus transforms their contents into mucin 
(Simon, Frerichs). If this mode of explaining its origin be correct, mucin 
must represent in numerous cases a physiological transformation product 
of epithelial tissue. 

§ 97. 


To what extent epithelial cells are endowed with the property of vital 
contractility, when young and still soft, we are for the present unable to 
state. But a most remarkable movement is met with on the other hand 
in ciliated epithelia, which has been named ciliary motion (Motus vibra- 
torius), This phenomenon, known from the earliest epochs of microscopic 
research, has been recently very closely studied, but unfortunately with 
but small results. For although its wide distribution throughout the 
animal kingdom has been recognised, and ciliary motion not long since 
observed in low vegetable organisms, we are still completely in the dark 
ag to its mechanism and object. The elucidation of points of this kind 
regarding it are rendered thus difficult by the fact, that the phenomenon 
of ciliary motion is met with in very varied extent throughout the animal 
kingdom, parts which are ciliated in one clasa being no longer so in 
another group ; thus, for instance, none of these cells can be found among 
any of the arthropoda. 

Ciliary motion, a simultaneous and regular swinging of all the minute 
hairs, appears, as seen on the edge of a fold of membrane, somewhat 
like to the undulation of a shaken cloth, or the flickering of a candle 
flame. Seen from above it frequently reminds us of the waving of a 
field of corn moved by the wind, or when it takes place in a tube of 
extreme fineness, of the current of a brook in the sun light. All these 
comparisons, however, are perhaps hardly adequate to express the pecu- 
liarity of the appearance. 

Small particles suspended in water—as, for instance, blood-corpuscles 
and pigmentary granules—are driven along by the movements of the cilia 
at the edge of a membrane possessing them in one definite direction, and 
apparently with great rapidity when the action is energetic, and the 
magnifying power great. In reality, however, this rapidity is much less 
than it seems, but still by no means inconsiderable, for an interval of an 
inch may be traversed by one of these particles in a few minutes. Even 
a shred of a ciliated stratum of cells may bo driven along by the motion of 
its own particular cilia, if it be not altogether too large, while a smaller 
piece, or singlo detached cell, may whirl itself through the water in 
a lively manner, simulating in a most deceptive way the motions of the 
infusoria, 

However, in a fresh state, and when the cilia are endued with great 
vital energy, the motions of the hairs follow so rapidly in succession, that 
the latter are not seen, nor can the phenomenon be recognised as a rule 
Sevoral vibrations are usually observed to take place in tho couree of a 
single second. 

For the closer examination of the phenomenon that moment is most 
suitable at which the movement of the cilia has become slower and 
weaker, owing to the approaching death of the cells, and when each 
individual little hair may be observed for itself, The mode in which it 
is carried out is not always the same, so that the motion has been classified 
into four varieties (Purkinje and Valentin), namely, into (1), the hook- 
like (hakenformige}, in which each cilium makes the movement of a 
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wore smaller, about 0:0068-0:0090 mm. in diameter, with nuclei of 
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- 1n the first place, comparative histology teaches that the different forms 
i of connective tissues replace each other 

in one animal, for instance, ordinary con- 

‘nective tissue appears in another in the form of reticular substance, 
jlage of some organs in one being ia replaced 

bone, or bony tissue by dentine, and 


organiam also typical development brings 
member of the connective-substance group 
joe, Where in the embryonic state gelatinous 
transformed into connective tissue or 

ith its derivatives takes on the form of 


encounter evory kind of this substitution in the richest 


tissues of this group are also found to correspond in 
, from a physiological point of view. ‘Their sij 
the healthy body is of a more subordinate kind, 


ayitanakar rktnliot widely, clecitnbed 
tissues, as, for instance, muscles, 


‘their 
aa, 





MANUAL OF HISTOLOGY. 


geneous intercellular sul 
to be formed, be it as a produet of the 
of the cell-bodies, ‘This aj later on in consi 


other hand seers into 8] 
may unite to form a ¢ 


And with these anatomical changes 

chemical esstamorphcee: As we have just re the 

nective-substance consists originally matter or near deriva 

Byetot setae oe 

mu ( ‘wal a 
ath f the ree s sie as ranged gla- 

remote its of r. 

tinous pea (p. 22), and amongst thom usuallyglutin or more rarely 

: local transformation of the ibstanco into elmstic mate 


countered. We will, however, distinguish between—l, 
2, gélatinous and reticular connective-mubetance ; 2 fete mens 4 ordi 
nary connective tissue; 5. bony tissue; and, 6. deati) 


and elasticity of cartilage 
pisces or plates; but thicker 


2 the regions in which they oocur, anatomiste Tave 
rilealdr; ce Woche ebosia sal 








170 MANUAL OF HISTOLOGY. 


fibrillwm of connective tissue paling under the action of this reagent The 
Tonlisbzamed ranitian have given rise to the distinction between the 
elastic or reticular cartilages (t 


eee 159), Pee 
substance of this kind lose the 
Ihre saritgn en bese gparna end lites onan 
RewauKs.—Correetly this division is not good, in that we are unable 
ga the, cop end the 
ton i ony a to dite of dae 
La Toi ryt of animals 

inally, it ix very: ae ee 
formed at the expense of the so: 


mation. 

Tn its rudimentary condition cartilage presents itself 
aggregation of ee ers rine somewhat 
are in contact with one another), between which close pitino 2 
to detect thin streaks of a homogensous substance. ‘This con- 
dition remains throughout life among of lower animal, 
Soon after this these streaks Raear pete within a 
fe en a oe 

‘The cartilage cells now appear round, oval, or more or less: 
form, and frequently very strongly flattened. Their 
of estaems cases, oe be ns ta 00182-00275 mm. The body 
cell consists frequent 8 homogeneous or delicately rye 

oe nes ita 4 membrane, and in it we al 


protoplasm 
on being heated up to 73-75° C. 

Under the action of reagents, and even of mal 
the body of the cells of ee be 


Liat an emi ‘lectris. discbar dees nee cause the colls ale ia 


Jatheme to take on on fh tee cea gia 


Aiea tipeis ta eoondaaied 
OF ere homogeneous, 








172 MANUAL OF HISTOLOGY. 


or are the transformed outer portion of the latter, is not yot 
solution, in the prosent state of our knowledge, We are 

over, with others, to give the preference to the latter view. 

Ais StS Sd 8 iat ta nb 7 Rifas the 

tho xi ‘@ auitable object. Here the cells tay he 


Uroad 2. Remak ‘to = certain extent, be 
ith the kelp of warin water, and the action of i ones 
the structure of the upparently horn: i ibstance of frog's 


jogencous mul 
age. 1 myself have arrived ai the same result on repesting the experiment, 


The segmentation of its cells, or, 
cell-formation (fig. 163), is no less 
cess has boon described in § 55: we refer 
Me ary had : poner leg se oubt 
process of segmentation not yet 
vation. ‘Thus we still require satisfactory proofs of stages 2, 3, 
which have not yet been observed, owing perhaps 


process. 
As we have already seen, two (7), four (8), or indeed 
of so-called daughter-cells (9), say lie in the interior of 
costal eartil 
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§ 108, 
or «OE ants gee (fig. 169), npn are 
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diameter of 0-0226 mm. (4.5). Other smaller bodies of this kind (3) till 
bear clearly the characters of large parent-cella. 

These gelatinous collections of cells exist throughout the first year 
after birth, and then appear to fall a prey to the centrifugal growth of 
the fibrous ring encroaching on them. 


$110. 


In the chemical investigation of cartilage, the variations corresponding 
to the different forms in which the tissue makes its appearance should be 
taken into account. It ought to be ascertained (a) of what substances 
the cartilage cell, with its several parts, consists ; (b), what matters enter 
into the composition of the syatem of capsules and the substance cementing 
them together ; (c), how far the youngest layers immediately surround- 
ing the cells differ from the older ones, which form the apparently 
stractureleas matrix ; (d), how far the composition of the latter changes 
woording as it remains homogeneous or becomes granular, and like- 
wise on the appearance of elastic fibres in it. In chemical examina 
tion we should be able to follow up (¢) the changes which the composi- 
tion of cartilage undergoes in the physiological metamorphoses of tho 
tissue ; and, finally, the fluid saturating the latter should come within 
the range of inquiry, and we should look in it for the products of 
the transformations going on in the tissue. Unfortunately, however, 
these requirements cannot be met by any means in the present state of 
science. 

If cartilage be treated microchemically, we immediately recognise the 
fact that it belongs to the tissues which are not very mutable. In cold 
water it shows but little sensibility, with the exception of the bodies of 
the cells, which rapidly shrink up (§ 104). Acetic acid has the same 
action upon the latter, but, like other weak acids, has no effect on the 
whole. Even sulphuric acid and strong solutions of potash are resisted 
for a remarkably long time by the cells of cartilage (Donders and Mulder). 
The latter may be obtained in an isolated condition by maceration in 
hydrochloric acid (Virchow). With sugar and sulphuric acid the cells 
assume a red colour, while the intermediate substance of hyaline cartil- 
age becomes yellowish red (Schulfze). The nuclei also appear difficult of 
solution as a rule. It is otherwise, however, with the intermediate sub- 
stance. This may be dissolved by long-continued boiling in water, after 
from twelve to forty-eight hours, and yields chondrin: it consists, there- 
fore, of what is known as chondrigen. ‘Lhe microscopic examination of 
the dissolving tissue during this process is a matter of some interest. 
The cells resist the solvent action in the most determined manner, and 
are, therefore, not formed of chondrigen or any of the other glutinous 
compounds. It is no proof to the contrary that they are subsequently 
dissolved. Again, the laminz of the capsules immediately adjacent to 
the cells resist the action of boiling water longer than the rest of the 
ground-substance. They do not, therefure, possess the same composition, 
thongh they may be said to yield chondrin. 

The same difference also is manifest in the granules of chondrigenous 
cartilage. 

The granular clouding of the ground-substance docs not disappear on 
treatment with acetic acid or ether, but docs so in a warm solution of 
potash, and on heating in dilute, hydrochloric, and sulphuric acids, 
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2°24 per cent. of ash. 
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manifests a remarkable degree of transitorinees. And even 
those cartilages which ist in the body up to its maturity show a 
certain inclination to uni anatomical metamorphosis, that of softening, 
of mae of ealcification, and even of ossification ; in other words, to 
eal 
Seats had take 
For the reat, 


f , cartilages may undergo the same changes as 
ions of the body, under conditions of inflammatory 


ig not regenerated, however, ao that two 

yr Aid only be united again by a connective 
new formation of cartilage is by no means 

place, it may start from cartilage alteady 
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Gand 7. Gelatinous and Reticular Connective-Substance, 
§ 113, 
Under the namo of gelatinovs or mucoid tiseue and reticular connec- 
ie we shall now consider a second series of tissuee, 


stances. i 
sional value: it remains for more accurate hi sipaatieatec tn 
show, at some future time, whether the mode of development of the 
different tissues placed together here justifies or modities our method of 
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cular connective-substance in one organ 
animals is replaced by ordinary fibrillated connective-tissue 
species, and so on. Finally, it seems probable that any of 
tissues belonging to this so widely distributed connective-substanes 
are all capable more or less of reproducing from their cellular 
either mucoid or reticular tissue. 


gu. 


We have just seen that by gelatinous or mucoid tiemue is 
cellular structure, characterised by possessing a very soft 
intercellular substance, containing either mucin or Me fem 
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substance is usually considerable, 90 tha’ 

the tissue are determined by it. In this respect cartilage and gelatinous 
tissue resemble each other, though, on the other hand, they may differ 
widely as regards | 


ie—one 
‘tremely rarely permanent, and which is 

destined to undergo, as a rule, further transformation. ‘The in 
are metamorphosed into fusiform and stellate structures, 

strong inclination to unite with one another, and in the 

substance there commences to make its appearance a streaki- 
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the group, and as such it enters into the com- 
ic structures under normal conditions, 
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The vitreous humour is the most posterior of the refracting media of 
the eye. Its refractive index is (taking water to be 1-3358) 1-3506 in 
the human being (Krause). If destroyed it is not regenerated. 


Remanxs.—Besides the German literature, comp. Bowman, Lectures on the Parts, 
de, of the Eye, London, 1849, p. 100. 


§ 116. 

Again we find gelatinous tissue presented to us in a higher state of 
development (setting aside the tissues of the membranes of the ovum), in 
the first place in the enamel organ, then in the gelatin of Wharton, and 
finelly in the formless connective-substances of embryos. 

Here we find universally, in a transparent gelatinous substance, fusi- 





ig. 181—Cells from the Fig, 182.—Tissue of the gelatin of Warton in trane- 
enamel organ of a fotus Yerse section ; from the cord of an embryo of four 
four months old. At a, small; months. a, a net-work of branching cells; b conden- 
att larger and more highly ation of the grouni-substance forming bands; ¢, un- 
developed stellate cells, changed, roundish, formative cell. 


form and stellate cells, known since the days of Schwann. These form 
with their processes a cellular net-work, and lie at first somewhat closely 
together, but after a while separate mote widely one from another, a deposit 
of the condensed intercellular substance forming around them. Thus we 
have a system of reticulated bands within which the cellular net-work 
still exists. The meshes enclose a soft and gelatinous mass in which 
may be distinguished isolated unchanged formative cells. 

The substance, however, of which the enveloping bands are composed 
commences early to present the appearance of being longitudinally 
streaked. This gradually becomes more evident until the whole assumes a 
fibrous condition, on which the mass is transformed into ordinary connec- 
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angular, and knotty. On being warmed, they assume, howover, their 
former smooth appearance once more. 

Again, we meet with peculiar appearances in those cells in which a part 
of the solid fat of the contents has become crystalline (fig. 191, ¢). In 
such, groups of needle-shaped crystals, either single, double, or in greater 
number, are to be found. These were declared formerly, quite arbitrarily, 
‘by microscopista, to be composed of margarin or margaric acid. Such cells 
have long been known. Eventually, the whole contents may be converted 
into such a crystalline mass (Killiker). 

Such cells are the result of the cooling of the corpse, and are not found 
im the warm living body. 

Rewarxs.—1. Todd and Bowmann's Physiol. Anat., vol. i. p. 80. 2. Fat-cella 
‘mounted in glycerin usually show these crystallisations, 


§ 121. 

These normal cells just described—i.e., those surcharged with fat—have 
little instructive about them. There 
can be but little doubt that here 
also the oil globule is enveloped in 
a thin coating of protoplasm with 
@ peripheral nucleus. This will bo 
easily understood after examination 
of those cells, poor or almost entirely 
deprived of fatty contents, the serum 
ells of early observers (fig. 192, 
2, 3), small structures found in 
emaciated subjects. Here we find 
an abundant, probably watery, proto- 
plasm in the place of the fat. Let 
wu examine such cells somewhat more 
minutely. 

Instances are met with, in the 
first place, in which a considerable 
fat globule is separated from the 
delicate outline of the envelope by 


a thin interposed layer of fluid (1, pag. 192—cutts incompletely filed with fate 
a, t), in which the nucleus (¢, d), " E Fein the subcutanerat cellar thane of 
situated at the circumference, may of fatty contents inon'the deere 
be discovered. The latter is smooth — 4 Jaree, ?, mith ® amaller of) lable, 
in outline, and at times vesicular. «i single: small 
In such cases we not unfrequently ad woe 
observe a darker yellowish tint than Celle of fa 
usual in the fatty contents, which inten- 
tifica the more the latter decreases in ey are hecuming Slied more and incre 
uantity ; so that adi; tissue which the latter; ¢. a collection of the sane; dA, 
hy ‘tiderpoile this’ change strikes (ls With tnereaalng deycat of fatty con- 
even the unaided eye on account 
of its yellowish-red appearance. When such fat-cells aro crowded 
together, they frequently give rise to an uncommonly delicate structure 
resembling hyaline cartilage surcharged with fatty globules. 

Owing to the progressive disappearance of fut from these cells, we 
not unfrequently find an oil globule decreasing more and more in 
size (f). In others, this decreasing globule may become divided into 
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All 
usual form in which they are met with is that of a delicate proto- 
plasmic etracture in which no nucleus can bo discerned, but in its place a 
darker spot (a). The cells in question send off several processes which may 
attain considerable length, and come into contact with those of neigh- 
bouring cells (2). By very strong magnifying power there may be seen, 
Weside these longer processes, a largo number of shorter and paler ones, 





Fig. 207-—A portion of living connective-tissue, cut out from 
between the muscles of the frog's thigh (strongly magni- 
fled). 4, & pale cuntracted cell with a dark lump in the in- 
terfor; 2, ramitied corpuscles; ¢ @ similar corpuscle with 
veniculat’ nucleas; d and ¢ motionless, coarsely granular 
cells; J, Abrillae; g, bundles of connectlve-tissue; A, elastic 
fibroua network. 








Giving to the contour of the structure a regularly jagged appearance. 
Other connective-tissue corpuscles preserve generally a more even outline, 

ud contain a vesicular nucleus (8 above, ¢). By their processes, fow in 

umber, they are connected with one another, as well as with the cells 
belonging to the first variety. Finally, there appear other cells of a third 

fom, remarkablo for the opacity of their protoplasm. They are usually 

fusiform (+7, e), and contain a vesicular nucleus, 

With the exception of the last mentioned and more coarsely granular 
edls, connective-tissue corpuscles are endowed with the power of very 
tlw but unmistakable vital contractility, their form changes, processes 
commence to make their appearance, elongate and unite with those of 
neighbouring cells, and become again disunited. Nothing can be seen of 
pre-formed paths for these processes; the almost mucoid consistence of the 
intercellular substance allows of free play to their motion in all directions. 

In other organs aleo, and in the bodies of many different animals, the 
tame contractile corpuscles of connective-ttissue havo been observed, 80 
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3132. 


Gut the diversity of the so-called furmed connective-tissue is far mo 
considerable, not only in respect to the manner in which its fasciculi an 
elastic constituents are interlaced and interwoven, but also in regard | 
its texture. And though, as a rule, we have to do with a well-marke 
typically developed connective-tissue, yet there occur not unfrequent 
very peculiar varieties. A few of these may here be mentioned. 

We have, first of all, certain connective-tissue structures, in which tl 
cells aro exceodingly stunted, and seen as though only the nucleus he 
been left over, and in which the intermediate substance is either homog 
neous or streaky, but not fibrillated. Radiated corpuscles and elast 
fibres are absent, either totally, or only give very ‘light 4 indications of the 

preMsnce, 
: ‘The tissue of tho dental pulp apparently belongs to this class. At 
yet we may have to do with a species of gelatinous or mucoid tissue her 
in that tho interstitial matter does not become clear on the addition: 
newtic acid, 

Again, the sheath or perineurium of the smaller nerves consists of a tran 
paront substance, through which are scattered long oval and apparently nak 
nuclol, moanuring about 0-0075-0-0114 mm. If we pass on from the 
4 womowhnt more considerable branches, wo find the ground-substance | 
tho onvolopo becoming stringy and fibrillated, while, instead of nuclei, v 
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§ 136. 

7. Whilst the serous membranes are poor in blood-veasels, as we hare 
just seon, we have to deal, in considering the 
cutis (lig. 219), with a structure very different 
+ from them in this respect. The latter consists of 
a very vascular tissue, made up of densely 
interwoven fibrillated bundles of connective 
; St tissue, accompanied by very numerous elastic 
Fig.221.—Diagram ofamucous fibres. It possesses connective-tissue and emi- 
eee ccs. athe eas; grated lymphoid corpuscles also. In the papille 
2, the intermediate sub- alone (fig. 220) and on the surface does its 
stance between thelr lower tibrous character become ioe strongly marked, 
Auyer or basement me: giving place to a more homogeneous appear 
dioncous membrane tints on aceount of the interweaving of the 
substance. filaments becoming so intimate as to get rid of 
all interstices (Rollett). ere, then, we may accept the presence of 
structureless limiting layer, the so-called intermediate membrane of 
Henle, or basement. membrane of Todd and Bowman (comp. p. 84) 
‘The cutis is covered by: the strongest bed of epithelium in the body, 
namely, by the epidermis, Further, it is rich in nerves, contains many 
small bundles of smooth muscular fibres, possesses lymphatic canals, 
and is traversed by the hairs and their follicles as well as the ducts of 
numervus glands. Below it is continuous with the soft fatty subcutaneous 

connective-tissue (fig. 219, h). 

8. The tissue of the mucous membrancs, which is also very vascular, 
has a similar structure to that of the corium, if it do not consist, as in 
the small intestine especially, of reticular connective-substance containing 
lymphoid cells, We have already considered (at § 88, 91, 93) the various 
kinds of epithelium which may be found clothing it, all having their 
origin from the lower or intestinal glandular plate of the embryo. The 
true mucous membrane (tig. 221, d) consists of interlacing bundles of com 
nective-tissue of softer constitution and looser texture, however, than those 
in the cutis. The proportion of elastic 
matter here is liable to variation, bat 
is smaller than in the Super 
ficially, as well as in the variow 
prominences of the tissne, e.g., in the 
villi, papillie, and folds, the fibrow 
character becomes fainter, so that we 
not unfrequently have here, as in the 
cutis, a transparent layer (e). But the 

crus membrane of & rat’ ach mucous membrane tissue in different 

of empty vessels; the latter injected; & ONgas varies to a certain extent In 

‘spacea for the peptic glands. those parts, for instance, where it # 
lesa abundant, owing to tho presence of a large number of glands lying 
close together, it usually appears as a more or less streaky or slightly 
fibrillated substance containing nuclei (fig. 222). On its deep aspect 
it is continuous with the submucous connective-tissue, which is remark- 
able in many parts, and moro especially in the digestive tract, fot 
its strong texture and white appearance, and which constitutes the 
tunica nerrec of older anatomists. The mucous membranes, which are iB 
general very vascular, posse-8 a varying numer of lymphatics and nervee 
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such que that the groundwork: of connective-tissue is 
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considerable physiological importance, We shall refer to 
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surplus to the radicals of the absorbents contained in the tissue (§ 82). 
Unfortunately, the amount of this fluid is too small to allow of our 
obtaining it for chemical analysis, so that ite composition still remains 
unknown, Conclusions as to the constitution of the normal fluid drawn 
from analysis of those abnormal collections met with in formless connec 
tive-tissue in cedema, appear to us inadmissible. 

In the serous sacs and cavities likewise we meet with a very similar 
fluid, in varying but usually small quantity, which might be named s 
watery exudation from the intercellular fluid of the blood, containing, on 
analysis, albumen, extractive matters, sults, and at times also fibrin (1) 
Up to tho present, the only fluid contents of any of the true serous 
sacs that have been examined, under completely normal conditions, are 
those of the pericardium in the case of executed criminals (Gorey 
Besanez and Lehmann), The results varied. The first-of these investi- 
gators obtained in two cases a fluid of weak alkaline reaction and yellowish 
colour. 

1000 parts of pericardial fluid consist of — 


1L 2 
Water, . 2... 96283 95513 
Solid constituents, . 9. 9. 37-17 4487 
Albumen, =... . 2162 24-68 
Fibrin, tia the when rats 081 
Extractive matters, | || 8-21 12-69 
Salt, 2. LOT BE 6-69 


Lehmann, ou the other hand, only obtained 8:79 of albumen, 0930 
other organic matters, and 0:89 of mineral constituents, per 
For synovia (comp. p. 155). Tho intercellular matter of connective 
tissue, together with the fasciculi of the latter, consists of a glutin-yidt 
ing material. The composition of the cells is, on the other hand, stil 
enveloped in obscurity, while in tho elastic elements we may recogui” 
elastin. The intermediate substance of the cornea alone is an exceptio 
in that it yields chondrin. This short notice includes all that was fr- 
merly, and is to a great extent at present known of the composition 
connective-tissuo, 

In the embryonic state this tissue possesses, according to Schwan! 
investigations, repeated subsequently by Schlossberger, a ground mash 
from which no glutin can be obtained on boiling, and which appears # 
belong rather to the protein group. This corresponds also with investigy 
tions made on the constitution of pathologically formed immature oi 
nective-tisaue, so that we sco a parallel between recently formed ot 
nective-tissue and undeveloped cartilage & 112). But in that the faly 
developed tissue, after it has been chemically cleansed, may be converial 
to a greater or less extent into glutin by boiling, there must take pls 
between the embryonic period and that of maturity some transformatie 
of the albuminoid intermediate substance into a collagenic one, Of te 
intermediate steps we know nothing, and as to the manner algo in which 
this change takes place we have at present but hypotheses to offer; fot 
we have not as yot been able, as is well known, to effect an artificial tran 
formation of the protein substances into glutin or glutinous matters, The 
chemical constitution likewise of those undeveloped and not yet fibrik 
lated portions of connective-tissue already mentioned has, with & excep 
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form from which collagen as well as chondrigen is produced: comp. what 
has been already stated in regard to elastic cartilage (§ 108). 

Analysis of organs wholly formed of connective-tissue has been 
undertaken comparatively rarely up to the present. The proportion of 
wator in the tendons amounts according to Chevreul to 62°03, in the 
cornea to 73:94-77°82 per cent. (/Zis). The latter has, therefore, 26-06- 
22-18 of solid matters, of which in one case 20°38 were converted into 
xlutin on boiling, and 2°84 was found to be made up of organic non- 
glutinous substance. The latter may be referred to the corneal cells and 
their processes, as well as the membrane of Descemet. Together with 
these were found besides 0-95 per cent. of mineral coustituents, of which 
0-84 were soluble in water. 

ReMarke.—l. According to 4. Schmidt fibrinogen” is almost always one of the 
components of such exudations. 2. We can thus isolate connective-tissue pases 
with their terminal layers, and remains of cells in the interior, by means of sulphuric, 
or nitric acids. Prolonged boiling also in alcohol acidulated with 
acid, and subsequent maceration in water, leaves the protoplasm of 
ill remaining, while the interstitial substance undergoes solution, and the 
clastic fibres erumble up. 















§ 138, 


Connective-tissue forms a large part of the onlinary investing and sus 
tentacular substances of the body. It connects organs with one another, 
envelopes them, and fills out interstices between them and betweon their 
divisions: it fixes parts against one another, forms passages for vessels 
and nerves, and cavities for collections of fat cells, &e. This so widely- 
distributed tissue, then, comes under our consideration, as regards ite 
physical properties, mainly for the building up of our body. Loosely 
interlaced as regards its fasciculi, connective-tissue presents itself in the 
form of a yielding extensible substance. But, on the other hand, we usually 
encounter a more dense and intimate interweaving of its fibres, especially 
in formed connective-tissue; so that a greater or less degree of aolidity is 
attained, as opposed to the extensibility of that formless species, The 
plentiful occurrence in it of elastic elements has also a great influence on 
the physical qualities of the tissue, 

On the other hand, we encounter structures formed of connective-tissue 
which play a part in the chemical processes of the system, owing to theit 
great vascularity or abundant exudatory activity, as, for instance, the 
skin and mucous membranes, This depends, however, properly speaking, 
upon the contained bluod-vessels. 

It is usually supposed, though without sufficient data for proof, thst 
the transfurmative capacities of conncctive-tissue in regard to the matters 
passing through it are in general but small. We are led to infor this by 
the passive part which the tissue takes in the assimilative revolutions of 
the body, or its slight inclination to decay, and by the poorness in vessels 
of many parts formed of it, * 

This interchange of matter, however, be it great or small, is still 
completely veiled’ in obscurity as regards its nature. Tho fact that 
glycin and leucin (§ 35 and 31) are products of the artificial decompost 
tion of glutin, while clastic material yields the last of these only, may 
givo us some slight point to hold by in the present helpless state in 
which we find ourselves. 

Some years ago, from the connective-tissue theory of Donders aud 
Firchow, an idea sprung up that the cellular networks of ita cor 
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which usually appears so quiescent and indifferent in the adult body, 
displays during pathological processus a new and mighty vigour of 
rowth. 
# Simple inflammatory irritation alone gives rise to a rapid swelling-up 
of the cells contained in the interstices of the tissue. In the dull proto- 
plasm of these we may remark division of the nuclei also, in non-vascu- 
lar parts like the cornea, as well as in vascular structures (Stricker and 
Norris). 
We aes already seon (p. 129) that pus corpuscles Gymphoid cells) 
may frequently accumulate in and 
interstices of connective-tissue (fig. 224) in 
great quantities, owing to such irritation, arriv- 
ing there partly from the circulation. But others 
originate in the tissue itself; and it bas been 
by some maintained now for many years, with 
the utmost certainty, that the parents of these 
are the connective-tissue corpuscles, 

But the mode of this origin requires nearer 
investigation than it has as yet received. It is 
possible that the mombraneless connective- 
tissue cell may divide into these lymphoid ee 
ments by simple or double nuclear segmenta- 
Pihrertice of tendinoge tiaue HOD. 
the tendo Achillis of the = Owing to its wide distribution throughout the 

= body, connective-tissue plays the most important 
part in pathological neoplastic processes, Loss of substance in the organs 
of the middle germinal plate is replaced by it (cicatricial tissue) just as it 
may take the place physiologically of degenerated organs. Luxuriant 
growth of this structure causes an increase in quantity of the sustente 
cular substance of glands and other parts, og well as thickening of mem 
branes, and so on. Numerous new formations, in the form of tumours, 
from the simple wart up to the supporting tissue of the most dangerous 
cancerous growths, consist of it. Tumours consisting of pure connective 
tissue, with a more or less dense texture, have been given the name 
of flbromas. ‘The starting-point of these is in most cases ordinary of 
physiological connective-tissue, with an undoubted participation of 
lymphoid cells, 

The appearance of such a pathological connective-tissue is very varr 
able. Beside the most fully developed texture, such as only formed con- 
nective-tissue can show, we meet with structures of a softer species allied 
to the so-called formless kind. We encounter also appearances such 8 
are presented by the young embryonic tissue. Thus, wherever a rapid 
development of the tissue is taking place, soft fusiform and stellate cells 
in close juxtaposition are observed, or there may be merely round and 
very primitive elements with scanty intermediate matter to be seen. It 
appears, also, that nucleated formative cells without a membrane may 
coalesce owing to their abundant protoplasma, forming more or less homo 
geneous multi-nuclear masses. This must havo been the origin of the 
many alleged exudations with spontaneous generation of nuclei spoken 
of in former days. We leave the rest to the hand-books of pathology, 
and pass on in the next section to the origin of the tissuc, 








‘TISSUES OF THE BODY. 235 


§ 139. 


mip sl of the =. of renernyrere 
an period of delicate embryonic cel 
without “ae 
vesicular nuclei. ‘These are held together by 
a small amount of an albuminous intercellular substance, 
80 that connective-tissue and cartilago commence both of 
them with extremoly similar primary forma, ‘This first con- 
dition of rudimentary connective-tissue, however, is only 


"iho further transformations i ith equal Mg. 225—-Pusl- 
wit 
mpi an of fat Kinds the va on cones.) 
Sy ere hepeier a pe ying raged waded. 
preserve, cro’ ition 
‘bat become fusiform (fig. 225). If, on the other hand, ea 
become vascular, as ig the case with subcutaneous 
tiasue, an outpouring of a plasmatic fluid 
containing albumen and mucin takes place: the 
peer ie seperate from one another, and assume 


mages fig. 226 
a tide havo 
"thes have broken up into 
fibrille, ee aro at first stmight, and 
cuit bans granules of ptr et ween them. Tiasion ahs 
latter withdraw more towards ic of the coll, and the original cell- 





236 MANUAL OF HISTOLOGY. 


ure inclined to accept this as the correct viow, although Rolleft supposes 
the connective-tissue fibres to have their origin independently of the cell. 

The fasciculi, according to this, spring from the metamorphosis of the 
original cell-body, or, if wo prefer an expression of Af. Schultze’s, are pro- 
duced by “the formative agency of the protoplasm.” 

Woe refer the student to figs. 227, 228, 229, and 230, almost all of 
which apply to the development of solid connective-tissue masses poor in 
blood-vessels and intermediate fluid. 

Such appearances were known long ago to Schwann, who interpreted 
them quite correctly. Later on the connective-tissue fibrille were sup- 
posed to be formed by a metamorphosis of the intercellular substance,—a 
theory for which at last even Koelliker declared himself. 

‘At tho present day, when the absence of an envelope on the conneetive- 
tissue cells is looked upon as cortain, and the intercellular substance is 
regarded as at least in many cases a metamorphosed external part of the 
cell-body, as in cartilage (p. 167), the relationship of the cell-body to the 
fibril appears again such as indicated by Schwann, 

From the length of mature connective-tissue bundles, it may be inferred 
that the fibrille of adjacent cells unite in a longitudinal direction in their 
formation (oll). 

We turn now to the inquiry, what is the further destiny of the 
much impoverished formative cell of connective-tissuce? 

It appears to vary in different ways. 

In some cases this cell persists, separates from its product the fasciculus, 
and is transformed into that frequently flattened, sometimes smooth-edged, 


hy 
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sometimes jugged element with which we have become acquainted through 
tho investigations of Kiihne, Ranvier, Flemming, and Boll, as tho cell of 
mature connective-tissue (comp. § 129). 

Again, the nucleus remains behind with a small (fig. 230) or frequently 
almost imperceptible residue of protoplasm. ‘This is the case in thos 
connective-tissue structures we have already considered, in which appe 
rently naked nuclei are met with in the fibrous mass (§ 132, for instance) 

Thirdly, the nucleus seems, in some cases, to disappear early with its 
scanty remainder of protoplasm, by commencing fatty degeneration (Boll), 
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place in the samo manner as has been described above for the normel 
structure, But that many subordinate peculiarities may make themselves 
evident here must be granted. 


ReEMARKs.—We should be obliged to overstep the bounds of a work of this kind 
by a great deal did we enter more minutely, or in a manner which could be regarded 
to any extent as exhaustive, upon this still unsettled question as to the origin of 
connective-tiasue. In the year 1839, its mode of origin was held by Schwann to be 
the following :—Cells, originally spheroidal, took on the fusiform figure, and, becoming 
farther elongated, underwent a splitting up of their substance into fibril, com- 
mencing at their extremities, thus giving rise on the metamorphosis of 
into the so-called bundles of connective-tissue. As to the destiny of the nuclei of 
theso formative cells, it remained unexplained, and the development of elastic fibres 
from other cells was looked upon as probable. | Henle, however, appeared soon after 
as propounder of a new theory of origin, in consequence of renewed investigation, 
According to hia view, counective-tissue consists of an originally nucleated 
in which the nuclei are arranged with regularity, and the ground substance splits up 
into bands following their direction. By a fibrillar metamorphosis of the latter, the 
ordinary fasciculi are produced. At the same time, the nuclei are su to become 
elongated into fusiform bodies, which may subsequently unite, forining fine elastic 
fibres (Kernfasern). No personal inyestigations have been published by him as to 
the formation of the larger elastic filaments. In 1845, Reichert brought out a very 
important work for the history of connective-substance. In this he taught that between 
the original cells of embryonic comnective-tissue an intercellular matter gradually 
inakes its appearance, the former coalescing with this to form a he neous mass, 
xo that in that the nuclei are still recognisable ; we have arrived at about the same 
starting-point as that maintained by Henle. Later on, the nuclei were supposed by 
him to dlsappear in part, while the Occurrence of fusiform cella was dented, and te 
objects which had been held to be such were declared to be (together with the fibrille 
of connective-tissue) artificial products, as already mentioned. Elastic fibres were 
regarded a8 transformations off the ground substance. In the year 1851, however, 
there came a turning point, through the works of Firchow and Donders. These 
investigators demonstrated, with the scanty aids to research of the time, in the first 
place, the persistence of nucleated cells, and laid, with perfect justice, the chief strest 
on these elements of the tissu fell, however, into a dangeruus error in reganl 
to the origin of clastic fibres, in tliat they supposed the lutter to take their origin 
from a change in these cells. “According to both observers, the latter never take the 
form of connective-tissue bundles, but enter into the construc of stellate and 
fusiform corpuscles, which may unite to form clastic tubes and fibres. The latter, as 
arule, have origin only from such cells (a point long defended by Koclliker), Trae 
connective-tissue is intercellular substance. This view, supported by Virchew and 
Douders, was at once attacked by Henic in the most determined manner ; the stellate 
cells were declared to be the transverse sections of interstices between the bundles of 
connective-tissue, and the whole to be au optical illusion, Now, althongh Henle, we 
must confess, has in many respects gone too far, still he is entitled to praise for 
having directed attention to errors in the theory just mentioned as that of Virehow 
awl Donders. On the other hand, this new theory, sometimes unchanged, and some- 
times with greater or less modification, was receivol (and further developed by 
observation of the normal as well as disensed tissues) by a number of uew adherents of 
the two men just nm ‘The formation of bundles of connective-tissue from cells, 
in the sense in which Schwrain spoke of it, has only been supported (among men of 
any note) by Korllikrr, up to the year 1861, when he too gave it w others 
have regarded the i and fibrille as metamorphosed intercellular substance. 
Again, a new era was initiated by a paper by Af. Schultze in Reichert and Du Bois 
Reymond’s Archiv. 1861, p. 18. "In this he proclaimed the formative cell of connee- 
tive-tissue to be membraneless, like other young cells, 










































































10. The Tissue of Bone. 


§ 140. 

Bony or osseous tissue is a member of the group of connective 
substances, by no means springing in the first instance and immediately 
from the cells of the middle germinal plate, It is rather formed 
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cartilage (Koelliker), and another as a kind of fibro-cartilage (Reichert). 
The latter view is decidedly incorrect: we have before us must unmis 
takably a young and undeveloped connective-tissue, with fusiform and 
stellate cells. 

The diffuse calcification now advances superficially, as hus just been 
remarked, accompanied by a border of osteogenic tissue, so that the full 
size and ultimate form of such a secondary bone is only attained gradually, 
in contradistinction to the cartilaginous preformations of the first kind. 

In order now that the bone may increase in thickness, a deposit of 
osseous substance takes place from the periosteum on both surfaces, and 
so the compact external layers are formed, which present at first all the 
porous characters of newly-formed periosteal bony tissue. The deposit 
of osteogenic matter from the medullary spaces resembles the process as it 
occurs in bones previously modelled in cartilage. 

‘Theso observations tend to show what energy exists in the growth of 
osseous tissue, an energy in which may be manifested afresh in fully 
developed bone, especially under abnormal conditions. 

But though these processes, as we see them in the development of 
cylindrical bones, are so far clear, we must not think that a solution 
internally and a deposit externally alone takes place: there is some- 
thing moro, namely, an interstitial and expansive growth (‘a growth 
‘by intussusception”), such as is to be observed in almost all tissues 
(R. Volkmann). 

But highly developed connective-tissue may also; under certain circum- 
stances, be transformed directly into bony substance. ‘The flat cranial bones 
of embryonic birds (tig. 249) present to us most unmistakably, according 
to Gegenbaur, a process of this kind. Here a network of connective-tissuc 
undies is seen (c), in part still soft and fibrillated and in part granularly 
calcified (d). Later on these bands of hardened tissue become broader, 
are now diffusely calcified, while the cells enclosed in them remind one 
of bone-corpuscles. A layer of osteoblasts (8, c) is also demonstrable here, 
which deposits that stratum of bone clothing the conneetive-tissue frame- 
work. That we have to do here with an occurrence which, taken gene- 
rally, has been already discussed in referring to the formation of Shanpey's 
fibres, is quite apparent. 

The conversion of tendons into osseous tissue is well known to take 
place largely as a physiological occurrence in mature binds. Here wo 
encounter, at first, a simple calcificution of the connective-tissue, so that, 
on depriving the part of its bony earth, the tendinous texture is again 

nted to us unchanged. Later on, however, true osseous substance 
makes its appearance, with a small number of lacuna, lamellw, and 
Haversian canals. It was formerly supposed that here a direct transfor- 
mation took place from tendinous into osseous tissue (Licberhiihn), but 
this is an error. There appear, rather, in the calcified tendon, spaces 
containing vessels which correspond to the medullary sinuses of cartilage, 
and are filled with a soft mass, From these cavities the deposit of a solid 
substance takes place, which becomes calcified at once, “resembling true 
bone more or less” (H. Afiiller), Remnants of calcified connective-tissue 
are left, however, in these ossified tendons. 

Regeneration of osseous tissue occurs pathologically, with great fro- 
quency, on the fracture of various bones,—for the repair of breaches of 
continuity and replacement of lost substance, whether it have been 
thrown off by a pathological process or removed by surgical instruments ; 
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have to discuss this point at greater length in a future section, when con- 
sidering the termination of the nerves of the pulp. 

In passing, it will be convenient to touch here on the nature of the 
cement, or crusta petrosa, of the tecth. This commences at the 
termination of the enamel as a thin layer clothing the root (figs. 250 
and 254), increasing in thickness below until it attains its greatest thick- 
ness at the point of the latter. It is, however, nothing but simplo 
osseous tissue (fig. 252, a), and, like this tissue, generally greatly 
inferior in hardness to dentine and still more so to enamel. It is not 
always sharply defined against the ivory of the tooth. Its ground- 
substance is sometimes homogeneous and sometimes streaked : when very 
thick it may aleo appear faintly laminated, but it rarely comes to the 
formation of Haversian canala. No bone-clls at all are found in the 
cement around the neck of the tooth, and they only become numerous 
towards the point of the root. Their size and shape, and the number of 
their ramifications, which is often considerable, are more liable to varia- 
tion than those of ordinary bony tissue. Some of these ramifications 
are united with the canaliculi of the tooth which have penetrated as far 
as the cement; others furm anastomoses with adjacent cells (fig. 252, 
in the middle of a). 

These lacunz must not be confounded with clefts which are frequently 
to be met with in the cement of old teeth in the form of irregular, branch- 
ing interstices. 

§ 152. 

Dentine, whose specific gravity is 2-080 according to C. Krause, con- 
tains, notwithstanding its hardness, several per cent. of water: somo 
analyses give 10 per cent It consists, like bone, of a glutin-yiclding 
substratum, rendered hard by a considerable excess of calcium and also 
magnesium salte. 

The organic substratum, determining the form of the structure, is 
collagenic matter without any admixture of chondrin. An interesting 
observation has been made in regard to the walls of tho canaliculi, 
namely, that though they may be isolated by means of the stronger 
acids and alkalies, they remain for a time undissolved in a Papin’s 
digester, in which the ground-substance is transformed into glutin 
(Hoppe), showing that these canals are not formed of glutin-yielding 
matters. We have thus a similar condition of things as in the 
lacunz of bone and their ramifications. The dentine globules also are 
not convertible into glutin, and their substance offers even a more 
determined resistance to the action of acids than the other portions of 
the tissue. 

The bony earths of dental tissuc consist of a considerable proportion 
of phosphate of calcium, with a smaller quantity of carbonate, and also— 
taking a more subordinate place—fluoride of calcium and phosphate of 
magnesium. The carbonate of calcium appears to be subject here to more 
variation in amount than in bone. Fluoride of calcium was originally 
determined by Berzelius, and Bibra made tho interesting discovery that 
the dentine of many mammals is comparatively very rich in phosphate 
of magnesium. 

Beside these, many other salts and mineral constituents are met with 
in the teeth, and also a small proportion of fat. 

The bony earths, taken quantitatively, amount in human dentine from 
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we cent. of phosphate, 

than 3 per cent. of fluoride of calcium 
to Barzeliws) 5 15-25 of phosphate of exium, We 
as examples two following analyses of of which 
first refers to the enamel from the tooth of an adult man, and 
‘latter to that from « woman of twenty-five years of age -— 


| 


FE 


‘enamel is naturally far richer in organic constituents. 
organic matter found in the cuticle is remark- 


of enamel takes place, as has lo 


ago, 
clang te eng rin of 
much a ture prism correspon: 
e ote ener es ersievreety, SNR ave 
to the conclusion that a calcification of the 


prs eros, Cas ties ot Srebappear tn the form of ein 
sal stro vesicular nuclei and very delicately granular con- 
et “of about the samo breadth as the prisms, Later on, as the 





264, 6). 
the whole is a deceptive appearance jaced. 
f enamel whicl is i ee a 
raised o} 


13, Lens Tissue. 
§ 159, 


of extremely fine transparent fibres or tubules. The latter have 
origin from the cells of the coreous embryonic plate, and the » 
ee bears a Shared eae character. 
eapsula lentis , @) is o perfectly transparent membrana 

apparently peels, and under very high 
finely streaked. It is much thicker anteriorly than Ena 
0°0135-0°0068 mm.). The inner surface of the anterior of the 
capsule ia lined with Hattened epithelium of simple nucleated cells, aleady 
mentioned § 87. These measure from 0°0169 to 90226 mm. in diameter 
(Gig. 265, 2, and a8. 9) 

the neighbourhood of the zonula Zinnii this epithelium passes ot ite 
external border into a zone of young cells with multiple nuclei and but 
little cell body ; here also the thickening of the capsule ceases. 

Nearer still to the circumference we encounter (springi 


ments, destiny 
tho fibres of the lens (Becker). 
‘The fibres of the lens or * lens tubes” 


f 


: Fit 
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arrange: nl Se 
sche 2b mponiie Sal siya eh een 


ms 
tg thelial 
rieal globules ad 
§ 160. 
Turning now to the composition of the tissue of the lens, that of 
sain Shovtios place: tae it but Re ep lst 
ter gelatinises in acetic acid ego agers reyes 
a wen after boiling, 
aes converted into glutin. It offers resistance to 
of alkalies, but is, on the other dissolved in 


namber of 


thickive 


Jot and very Saallal 
p17). Oring coe 
the latter to coagulate 
peat employed may render = structure of eae more ream 
n respect chromic aci pained Besides 
ocr sepaperre potty eral aetel rips) ing to 
older analyses, of extractive matters also, For the human lens 
obtained the following percentage, of 

‘Water, . 2 5 : rs 


Protein matter, e r; é . ‘ a 
Walls fre =e ee ( 
letter 


{nly 030 per eo 


depends upon some change in composition 


ypecific f this in the human acconting to 
Chenevizs “ete ‘ cetera Ly while rier more dense 
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i joounter 

oven triple nucleus (d), The further Aiea: 

Erg edit bord el pith oie a 
zone sit at ler ie ut 

new elements laid down over the older ones. That the 
the growth of the 


It ia not diffieult 
psnte has once been bag never 
attains the same regularity of form as the frat structure, seaing a ie 
is quite dependent on that of the capsule. ‘The amoant acd Sa nature 
interchange of matter going on in this organ is not yet known. 
former is probably not entirely insignificant, 


* 14. Muscle Tissue. 
§ 162, 
‘Tho muscles, springing from the middle embryonic plate, are made op 
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Sia oe 
jie ramen jaro 
nucleated contretile fibre-cells 
noaror to 


§ 
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z= 


ua approach 


singly 


On the other hand, the 
uire striated contents, and 


muscle (k); from which, also, we 
rae 

ae 

y 


of the cell, 
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membrine becomes raised up in blebs by endosmosia. Preparations 
also of the muscles of naked amphibis have lain in 

afford very objects, in which the envelope is obgerved sepa 
rated from the included mass. 

On the internal surface of the sarkolemma are situated a series of 
roundish or oval nuclei (1 d) 0-0074-0°0113 niin. in Tength. More 
minute éxamination of the muscle fibres of naked amphibia (fg. 275) 
with very high magnifying powers shows the nuclei (c) to be yesloular, 
with tolerably thick, and therefore doubly contoured and to contain 
one or two nucleoli, In fresh tissue the nuclous lies cl 
in a fusiform cleft, The eye! of the latter are occupied by a 
geneous clear substance, is is the remainder of the original | 
plasm, which has not been consumed in the formation of the 
‘matter of the fibre. This, taken as a whole, has been named the “ 


Pig. 24-1. Siriated muscte Abo with @ 


may semark filiform streaks 
dot it ules 
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contents enclosed in the sarkolemma, or the fleshy substance of the 

= (fg. 274, 1), is of extremely complex and delicate texture. It 

presents, but in varying degrees of distinctness, a longitudinal (c) and 
meerees vinatie (qi), aifecting the whole thickness of the fibre, 

mrs ta ee ee 

ibres, appearing in the form of very 

Tiel ites earecniog the whole length of the 


of these from one another varies between 0:0011-0-0022 
‘the lines run continuously for a considerable dis 
wently only make their appearance at intervals in the 


ppear again, 

may frequently observe the sub- 

ote stn i he frm of to Sn or bands 
by the Linear marki 

however, which we obtain by the action of certain reagents 

ibres aro extremely peculiar,—a method of treatment much 

which have been macerated in cold or boiled in hot water, 

eerie Level bees ou jected to the prolonged action of alcohol, 

sf ic acid, and, more than all, of bichromate of 


Trevbellly f 
ie 


27A—A mune fore alver the gontinued action ot 
Aes Us yori reson tat nbd 


fibrille,” as they have been named ; the masclo fibres 
account, as “ primitive dundlos." 
sean has had among its defenders a number of men 
vo great weight. Among 


fente’s work, Bowman in the Phi?. fiat 1840, 
articles by the mmo, ** Muscle" 
‘and 619 ;'and in the 


Renie fed lace wens win dark, eee and 

to one another, whether in a straight or 

distance from one another likewise lies between 

Again, these transvereo strim may bo inter- 

certain distance, The contour of the whole fibre is at 

Une In other muscle fibres, markings not so dark, 
80 that the whole 


etien af dare and light transverse zones, 
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freah, living muscle fibre; they rather indicate a tendency, on the part of 
the muscular element, to split up in one of these two directions (2). It 


=e 


2 c 
pletely opposite f f ‘ 
itioned, it 
stance, very dilute hydro- P 4 
resolves the 
plates, 
re. 


must be allowed, however, ' 


1H 


i 
i 


A muscle fibre with tive belle and Crane 
taken as the fundamental 
oe Vien 


Tight (d) zones and 
aan aie broek 


prisms in a transverse direction and forming disks. The 

eres coment (probably more or less gelatinous) is far 

that of the probably fluid longitudinal. The latter is remark- 

capacity for contraction and swelling out. In con- 

we sometimes find the dark transverse zones placed fur 
other than at other times, 


H 


pile 


alternating with clearer belts of less refracting 
layers of the longitudinal cement, swollen up 
clear; while the darker zones represent the sarcous elementa, 
by an agglutinating medium, and forming disks, Accurate 
effect of water acidulated with hydrochloric acid showed 
i clear transverse zones become more di 


a 
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Sep toe 
nthe improred and gral nce 
ee it no longer dil 

aes ait had of the fibrous structure of 

or). Tho la ; and, better still, the lower amphibia 

afford very re oniests, ve 2 eal the 

However, the same may be recognised 

muscles of frogs, mammals, and human 

‘The prisms appear now as cylindrical or 

of greater height than breadth.” ‘Their length in 

is 0.0017 mm., in the frog (fig. 280) 0-0013 mm., in 

and in man 0°0011-0°0012 mm. Standing one 


another ax a rule, owing to the scanty amount of i 


(fig. 278, 2, @; fig, 279, a). 
Those ‘spots are particularly instructive where tho sarcous aan 


Mgt Fig2. 


2 Tone 
iain searee 
the 


‘tog nupediately 


ee Mamie le 
low, 2, a*) 
In our dovcr ‘ion so far of the structure of the muscle fibre, we 
intentionally followed up the historic course of the opinions held 
it, in order to facilitate the comprehension of tho most recent 
tiona by the reader, 
tt tS gyn cy ie le 2 
ut ini is so excoodingly wide, 
Tike Geatt.with Iie ws neas'ltis vowel f invizibleness, and the 
ob isi seahy. ase fe sovery mnatable, theh A es 
bythe eg transparent trans’ Teelak cbeeras 
ret ae 
fine dark line. This was referred to 
with others, and the second cdition of tt] eee 





TISSUES OF THE BODY. 291 


§ 166. 


The oceurrence in its substance of certain foreign molecules, partly con- 
sisting of fat, is another pecaliarity of the muscle fibre. These are known 
as the “interstitial granules of Koelliker,” although described long ago 
by Henle. 

They are not always distinct in human muscle, but when present are 
encountered in rows parallel to the direction of the fleshy fibres. 

In the muscle of the frog they appear with greater distinctness (fig. 
284, d), and are often uncommonly numerous also, resisting, further, the 





Fig. 285 —Muscle fibre from the leg of a 
frog, after prolonged treatment. with 
dilate hydrochloric acid. From "the 
cut very fine fibres are seen 

prodecting..g7 with granules by the 

latter are disitbuted along the whole 
re 





Fig. 284, 


action of water acidulated with hydrochloric acid entirely. Here they 
commence at the poles of the nuclei, and appear as though situated in a 
of canal-like interstices, occupied by nuclei, granules, and fat 
molecules (Koelliker), which, under ordinary circumstances, are filled up 
with the well-known protoplasm. When coagulated, these masses may 
form a series of extremely delicate fibres (0-0006 mm. thick) and project from 
the cut end of a muscle fibre which has been treated with water contain- 
ing a trace of hydrochloric acid (fig. 285). Tho fibres contain fat mole- 
cules, partly externally, and partly in the interior. Leydig, Bittcher, and O. 
Weber, erroneously regard these structures, together with the nuclei of the 
muscle, as a network of stellate connective-tissue cells with tubular pro- 
cesses traversing the substance of the muscle-fibres. 
On transverse sections of muscles which have been dried and subse- 
quently moistened (fig. 286, a), we aco these rows of fat granules as 
a ammnbse of dark dots, as long as the molecules remain in the section, 
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fo Se eetemalla 277, b). Continuous 


of'a tendon to a certain extent, we find 
These statements were then sul 


“ourtelves tliat the opposite end of the fibres 


convince 
yin like manner, Araué is‘of opinion that 


pisealar tissue chemically, we should be able to 
' ee a Sie esta ren ad ms 
b ‘ich aro mere accessories, namely, connective- 
Further, per, we abould be able to determing 
substances 
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the other hand, muscle be treated with a very dilute solution of 
71000), another modification of the albaminate group 


cementing substance, which are probably not simultancous in their 
solution. Berides these, thero remains over in the sarcolemma a slimy 

geinular residue with fatty molecules, 
Neither nuclous nor sarcolomma yield any of this syntonin. Tho first 
no glutin (Scherer, Koulliker), but consists of a substance nearly 
allied to elastin, but differing from it in its smaller powor of resistance to 
} the latter resists the action of dilate hydrochloric acid for days 
determined manner (fig. 277, 5, a, 4), but gives way on the 


seven epsaend muscle contains fat, but in most variable 
mm. of it may be set down to the cells of the 
eco Heshy mnas, but a certain amount belongs to 


veils and expression, about 6 cent, of constituents, 
cold water, 


(acy ost and with which the tissue is eaturated sew life. The tint of 
juscular tissue is more intense than that of unstriped fibres, and 
Pe oo 24 canoe present, with any degree of markedness, among the 
ites, whilst the flesh of the lower members of this group 
en but slightly reddened, or even quite pale. 
the juice of muscle contains, as shown by Liehig, a series 
Asppate of decomposition, which were known to earlier 
ives." Among these there appear, in the first 


exertion. A hundred 4 of fresh human musele ae 
to Schloseberger, 0:06 of kreatin (in the horse, 0-07, according 
heart yields 0-14 per cent. ‘Tho next of the sories 

ee htoeasiy allied to the last), which appears to occur in 

the last. Its occurrence, however, appears doubtful 
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probable that a physiological decay with fatty degencration also takes 
place to a limited extent. ” ae 

Calcification of this tissue is rarely seen. 

Neoplasis of striped muscle, at points where it did not previously 
exist, is of very unfrequent occurrence. A certain number of those few 
cases which have been up to the present recorded have reference, strange 
to say, to the testicle and ovary. Here there can hardly be any doubt of 
the lopment of muscle fibres from connective-tisaue cella, however we 
may suppose their source to be from the muscle corpuscles in the intra- 
muscular new formation. 

Though it was formerly believed that wounds of muscles could be 
repaired by connective-tissue alone, numerous recent observations have 
proved the power of regeneration inherent in the tissue. The mode 
of this new formation of muscle is a matter, however, about which much 
difference of opinion still exists. 


E. Composite Tissues. 
15, Nerve Tissue. 
$174, 


The form-elements of the nervous system (1) are structures of two 
different kinds, namely fibres and cells, imbedded in a ground-work of con- 
nective-tissue. The first of these, known under 
the several names of “nerve fibres,” “nerve 
tubes,” and “primitive fibres” of -the nervous 
system, make up almost exclusively the white 
substance of the neural apparatus. The last, to 
which the names of “nerve or ganglion cells” 
have been given [also “ganglion corpuscles” 
(“Ganglienkérper”)], are found mixed up with 
the first described elements, in the grey matter. 

The “ groundwork” of connective-tissue pre- 
sents itself in tho first place in the form of a 
highly developed fibrillated etructure, more fre- 
quently, however, as a more or leas homogeneous 
connecting substance (perincurium), or, finally, 
asan extremely delicate tissue containing cella 
and nuclei, as in the nervous centres. 

Nerve-fibres (fig. 296) are met with either as 
dark-bordered threads, the medulluted, or pale, 
the non-medullated. They aro simple un- 
branched fibrils, except at their origin and ed } 
termination, and vary to an extraordinary extent e 
in thickness, measuring from 0-0225 down to Pifiuc heme fares from ce 
00018 mm. and less. Owing to their appear- — mens}, medium-sized Abrey 
ance not being the samo in all cases, we dis. SS" 
tinguish between brow! or course fibres (wand 1) of 00226 mm. (moro 
usually of 0-0113-0.0056 mm.), and fixe or nurruw fibres, whose diameter 
may fall to 0:0045-0:0018 mm. (¢, «d, ). . 

Dark-edged nerve fibres consist of three parts,—namcly, of a very deli- 
cate envelope of connective-tissue, the “neurilemma ” or “ primitive 
sheath ;” of an albuminous portion extending down tho centro, the so- 

Vv ~ 
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coagulated layer 
covering for the portion situated more internally, or, the 
parece racthses valuta and the nerve fibre may 











grant or clear—has been given by 
nucleolulus (fig. 308). Not "nfenty the 
the nucleus is seldom so, ‘The latter, unlike 
gives way comparatively rapidly to the action of 


acid. 
- these bab; jes ft proboplaum, ppears 
@ tough doughy pontine Decent F 


and in addition Pa ete Chie eet 
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i » brown (6g. 303), 
latter substances offer a most 
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ganglion cells are also of frequent occurrence here. Nor dare we form 


conclusions in 


to the mammal body from what is found in the fish. 


The existence, however, of apolar, unipolar, and bipolar ganglion cells, 


cannot be denied in this case 
also after candid consideration, 
although we are still in the dark 

e relative frequency of the 
various forms, 

Maultipolar cells must be looked 
upon as peculiar to many peripheral 
ganglionic masses, as also to the 
terminal expansion of the optic 
nerve in the retina, They were 
discovered by Remak in the sym- 
pathetic. 

The same species of, and 
sibly also exclusively, multipolar 
ganglion cells, occur likewise in 
the grey matter of the brain and 
spinal cord (fig. 305); those apolar 
specimens which are found here, 
or such as have only one or two 
processes, being probably mutilated 
cells (Wagner, Schroder van der 
Kolk). These cells, which contain 
either a pale substance alone (2), 
or, besides this, brown and blac! 
pigmentary particles (4), possess a 
very variable number of ramifica- 
tions, ranging from 4 to 20 and 
upwards (1-4). The latter appear, 
under high magnifying power, 
partly as broad or narrow processes 
of the finely granular cell body 

(2, ¢), and partly homogeneous 

1, a). Some of these ramifica- 
tea split up eventually, with 
repeated subdivision (4), into fibres 
of extreme fineness. Others, acting 
as commissures (2, c; 3, 4), are sup- 

to combine the ganglion 
cells to a physiological unit (4). 
Finally, axis cylinders are seen 
arising from them (fig. 305, 1, a, 
; 3,¢; and 298, y*). 





f { 


Fig, 204.—Nerve cella from the peripheral ganglia 


of Gaduslota. a, 8, e Bipolar connected. with 
broad nerve fibres; i aimllar eel produced Into 
a narrow fibre; ¢, another of the saine kind, from 
which a nerve fibre has been torn off; Jan unl- 
polar cell with narrow tube; 9, two bipolar (9-1, 
9-2) peculiarly united to fine nerve tubes; A, an- 
other bipolar cell; 4, £, two apolar ganglion cells, 


It is at present impossible to trace any connection between the variation 
in the ganglion cells just described, and a difference in function in cach or 


any. 


Rewanxa—1. In older histological works of the year 40, apolar ganglion cells 
tl 


alone were 
1888, but had not recogni 
dinciery of the on: voc-aided origin o 


Purkinje, itis true, had seen 
ised their significance. Subsequently to Helmholt= ‘sand Will's 
fibres among the Tevertebrate animals, Faaet 


e processes of ganglion cells in 


to demonstrate its occurrence among the vertebrates. Great progress 
lore hades discction in the Year 1847, through the diseovery, by Waguer and 
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According to Schultze's recent investigations, both forms of processes 
of these central ganglion cells (fig. 308) Bosses papers texture, more 
apparent in the axis cylinder processes (a) than in the protoplasm ramifi- 
cations (5), in which latter a ganalas interstitial substance is present in 
considerable quantity. All these primitive fibrille may be followed up 





Fig. Meret Sunaicn call from Lyra wept cornu of the spinal cord 
‘ylinder process (e), and siher proveplasar 
Swi their ramideationy, from "whlch tae’ Shoat Ares tale orghs after 


into the body of the ganglion cell, and may be easily recognised there, 
especially in the external portions, imbedded in a finely molecalar 
mass, Their course is a complicated one, sometimes diverging oa 
entry, and sometimes giving rise to an interlacement of crossing and 
re-crossing fibrille. Connection with the nucleus or nucleolus does 
not take place. Whether we have here the true origin of the primi- 
tive fibrils, or whether the latter merely undergo a rearrangement 

—that is, that, arriving from remote Hocalitioe 8 through the varices 
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m processes and | the body of « cell, they are collected 
in the latter, pass out as an axis cylinder,—are questions 


# treatise in tho Phil, Trans, for the year 1863, i. 
eres observers agree with us in our view of the ‘probably 
‘of the spiral fibres. 
_ $180. 


Sapir l sabycan eppercten 
vt Sera ct ig een ey ae 
which are usually or greyish 
delicate en at thelr exit from the 
receives another a/ldition from the dura 
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the latter. In such cases the connective-tissue envelope is perineurium 
and neurilemma at the same time. These facts, however, are variously 
viewed, some regarding this simplified perineurium as a thick primitive 
sheath. 


The tranks and branches of the sympathetic system are essentially the 
same in structure as those just described, except that in them Remak’s 
fibres (already mentioned at § 176) make their appearance in great 
numbers, 


Rxwanrs—This name was first applied by Robin to the envelopes composed of 
simple connective-tissue of the finest twigs. 

§ 181. 

From time immemorial anatomists and physiologists have been occu- 
pied with the question, hqw the nervous fibres terminate peripherally. 
In older times, of course, before the introduction of microscopic analysis, 
conjecture alone could be formed on this point. It was supposed that 
the nervous twigs broke up into finer and finer fibrils, which became 
fused finally with the tissue of the organ they supplied. 

With the aid of the microscope, about the thirtieth year of this 
centary, it was already a matter of no difficulty to follow the progressive 
sub-division of the smaller branches down to their finest twigs, and to 

ise here and there the course of the latter through the tissue, as 
well as the formation of the plexuses and minutest anastomoses already 
mentioned (§ 180). 

‘At that time many observers maintained that they had found a 
looped termination, and, moreover, in the most different organs. They 
supposed that two neighbouring fibres were always united at the peri- 
phery in the form of o wider or narrower loop, or, what is but another 
mode of expressing the same thing, that each nerve tube, on arriving at 
the periphery, became doubled on itself, and took its course back again to 
the nervous centre, from whence it came, This theory of terminal loops, 
which held good for motor and sensitive fibres alike, led however to great 
physiological difficulties. 

‘We now know, from a series of newer and more accurate investigations, 
that these loops are of frequent occurrence among the peripheral ramifica- 
tions of nerves, but that they possess no terminal significance, since the 
nerve fibre in this curved course has not yet arrived at its final destina- 
tion. This theory of the looped termination of nerves las, therefore, 
disappeared from histology. 

As far as we know at present (though our knowledge on the subject 
is still in a most unsatisfactory condition), nervous fibres terminate without 
any medullary substance—first of all in the form of simple or ramifying 
axis cylinders, and, in the next place, in the form of primitive jibrille. 
The final disappearance of the fibre, moreover, is frequently seen to take 

in special “terminal structures” or “end corpuscles.” ‘These ara 
either complex or single-celled. 
§ 182. 

It was for some time supposed that an insight of the mode of termina- 
tion of the motor nerves in striped muscle (fig. 309) had been gained with 
tolerable correctness through the labours of Jt. Wagner and Reichert (1). 
It was believed that the motor nerve tube ceased on the striped fibre after 
repeated sub-division in the form of pale terminal filaments. On eevount 
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formation, bounded by undulating lines and truncated processes, This is 
the “ true terminal plate.” The nuclei and 

finely granular substance of the “neural ' 
eminence” are situated beneath this struc- | 
tare, adjacent to the fleshy mass of the 

fibre (5). Engelmann also speaks of an ar- 
borescent arrangement of branches of the 

axis cylinder lying in the granular sub- ¢-;--- 
stance of the neural eminence. 

Now if, as would appear to be the case, 
the distribution of the nerve fibre be 
confined to the immediate mass of the 
terminal plate, the extremities of the d-|__ 
muscle fibre must remain without nervous 
supply, in that the former is set into the 
latter at about its middle. But the fleshy 


matter manifests contractility at the ex- 
tremites als! ore monty 

The bearing of the terminal portions mous division in the terminal plate, 
of the nerves supplying the muscles of — Jyin.fransiion Into the true terminal 
the lower orders of vertebrates, of naked 
ibia and fishes, present new difficulties in this so uncertain, but phy- 
ly so important subject. Here we find that those complex mul- 
tinuclear terminal plates are no longer present. In the frog, the nerve 
tube, on arriving at the fibre, not unfrequently breaks up into a multitude 
of dark-edged fibrils, forming thus the “ terminal tuft” of Azihne. These 
having pierced the sarkolemma, course along within the muscle fibre as 
intra-muscular axis cylinders with isolated nuclei, and eventually become 
merged, to all appearance, in the fleshy mass. Whether we have to deal 
here with simple uninuclear terminal plates (Krause, Waldeyer) (of which, 
in that case, several would seem to be present in one muscle fibre), or 
whether this system of intramuscular axis cylinders may not represent in 
the frog the true terminal plute of Krause, mentioned above, are questions 
which must be determined by future research. 

According to Krause, these terminal plates are to be found also in the 
heart of the rabbit. 

Taken from other sources, the results which have been obtained on 
inquiry into the nature of the final terminations of nerve fibres are 
essentially different. 


ReManns.—1. J. Maller and Britcke appear to have been the first who observed 
division in the nerve fibres supplying muscle, in the year 1844. 2. Thus Reichert 
counted 7-10 afferent nervous fibres in the thin platyama of the frog, containing 
about 160-180 muscular fibres. These split up, eventually, with progressive rami- 
fication, into 290-340 terminal filaments. 8. With regard to the final distrib 
nerves, modern literature is very rich. Compare, besides the works of Continental 
investigators—of Kihne, Rougel, Koelliker, Engelmann, ani othera—Brale (Procecd- 
ings of the Royal Soc., vol x. p. 519; Phil. Transact. for the year 1861, p. 611; 
and 1862, Pt. 2, also his Archires of Med., No. 11, p. 257 ; and in the Quart. 
Journ. of Micros, Sciencr, 1868, p. 97; Proceedings, p. 302; and lastly (1864), 
Transict., p. 94. 4. This ix most beautifully seen in the group of small epider-liko 
animals, the tardigrades. Here, where many years ago the terminations of the 
nerves, #.c., the neural eminence or terminal plate, had been recognised by Doyire, 
the naked nerve fibre applies itself to the likewise membrancless muscle fibre, and 
both masses become fused one into the other at the point of contact. If we now 
suppose both nerre and muscle fibre enclosed in their sheaths, we obtain the same 
relation of parts as in the mammal body. 5. According to Rowget, the neural 
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From this plexus are given off, in the first place, medullated nervous 
fibres, which assume, after a 
longer or shorter course, tho 
form of pale longitudinally 
striated ds of 0-0041- 
00050 mm. in diameter, con- 
taining at intervals nuclei of 
the same dimensions. These 
bands become gradually nar- 
rowed down until we meet 
them as the nucleated fibres, 
00018-00023 mm. in dia- 
meter, which have been already 
mentioned. 

From these, again, is formed 
a second network with toler- 
ably broad rhomboidal or 
elongated meshes, whose no- 
dal points show nuclei with 
distinct nucleoli. Pale fibres, 
however, are also given off 
directly from the “ground- 
plexus” to the muscle cells, 
This the “intermediate net- Pig at =) 
work” (fig. 313) lies imme tee 
diately upon the layers of mus- —branchen 
cular tissue, or between the latter. From it there pass off small fibres which 
penetrate between the muscle fibres, These are only aupplied with nuclei 
at the commencement, and become 
rapidly smaller, so that after repeated 
subdivision they are reduced to 
threads of 0-0005-0:0003 mm. in 
thickness. On the latter, as well at 
their point of division as elsewhere, 
there occur elliptical, round, or other- 
wise shaped swellings or granules. 

The last-mentioned fine fibres unite 
once again to form a new, but this 
time very close-meshed network, the 
“intramuscular,” whose varicose fib- 
rill occupy the narrow passages be- 
tween the contractile cells. 

Finally, leaving this intramus- 
cular interlacement, dark straight 
fibres of extreme fineness pass off, 
which are at the very most 0-0002 
mm, in thickness, These penetrate 
into the contractile cells, and ad- 





‘wo narrow brunching nerve fibres (a, 8) from 
tery of the frog, surrounded with’ a thick 
envelope. At 1, the trunks; at 2 and 8, the 








, 1 Fig. 313.—Ramitieation of nerves and termina: 
vancing to the nucleus, terminate, “‘tion inthe muscular tunte of « small artery of 


according to Frankenhiiuser, in the — * {108% from Arnold. 

nucleolus. The number of terminal filaments which enter any one muscle 
cell corresponds with the number of granules occurring in the nucleus 
(§ 163). 
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00322 to 00751 mm. Some isolated bulbs may attain, however, 
ae greater dimensions, and twisted or indented forms are also met 
wit 

The terminal bulb of Krause consists of a transparent nucleated envelope, 
containing a soft, homogeneous, slightly lustrous substance. 

The nerves connected with it (c) undergo subdivision into branches 
more or less frequently repeated (1*, 2). Thus from one primitive fibre 
from 6 to 10 terminal corpuscles may be 
supplied. On entering the latter, the pri- 
mitive fibres of medium size until there 
(about 0-0046-0-0075 mm.) become imme- 
ately still finer, constituting then the pale, 
non-medullated end filament or axis cylin- 
der (12). The latter is 0-0039-0-0029 
mm. in thickness, passes through the axis 
of the structure, and ends towards its upper 
pole with a slight button-like swelling 
about 0-0046 mm. across, 

The terminal bulbs of the human con- 
junctiva (2) frequently present sinuosities 
and twists on the primitive tube as it 
is about to enter or has already entered the 
former. These may be present to such an 
extent as to form a regular convolution, 

ially in the interior of the corpuscle. 

‘ithin the latter itself, or before its en- 
trance, a splitting of the nerve tube may 
take place ; beside which many varieties 
are to be seen as regards its bearing. 

The number of these formations also 
seems to vary considerably. In 1 [)” of 
the conjunctiva of the calf Krause noticed 
13 terminal bulbs. 





Structures allied to the latter were also "Soaumaiva ofa cal” 2 From that 


met with by Krause in the glans clitoridis, gf human being. "a. Bulb: ¢ nerve 


f ! iS, Shre'eudlug tn Can axle cylinder 
and in smaller number in the penis, 


These “genital nerve-corpusrles” lie in the tissue of the mucosa at the 
bases of the papilla of the mucous membrane. In size and form they 
vary, some of them attaining a diameter 0°1439, or even 0:2001 mm. As 
a characteristic of these genital nerve-corpuscles, constrictions may be 
mentioned which occur in varying number on the surface, and com- 
municate to the whole a mulberry-like appearance. They appear to be 
the recipients of sexual sensation, for which reason Finger proposes giving 
them the name of sensual corpuscles” (Wollustkirperchen). 

The same observer has described another kind of structure similar 
to the end-bulbs, as present in the racemose glands of mammalia, These, 
the “end capmules of the gland nerves,” have a somewhat elliptical form, 
and consist of a number of concentrically laminated membranes, from 
four to eight of which may be observed in each, and which are studded 
with numerous nuclei. In the interior is to be seen the minute vylin- 
drieal end-bulb, which is not unfrequently of sigmoid figure, and whose 
axis is occupied by an almost immeasurably fine lustrous terminal fibre, 
The latter springs from a dark-edged nerve tubo. 
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sently. They communicate to the whole structure a characteristic trans- 
versely striated appearance. 

The nerve fibres (fig. 316) pass out towards these bodies either singly. 
or, as is more frequently the 
ease, double: at times, also, 
they are trebled or quadrupled. 
They are enveloped in simple neu- 
rilemma (fig. 316), which is con- 
tinuous with the capsule, They 
are dark-edged, 0:0045 mm. and 
‘ees in breadth, and enter the base 
of the touch-corpuscle, or at times 
also its side. 

The mode in which they end, 
however, is difficult to determine. 
At times a peculiar twining of the 
nerve tubes around the tactile cor- 
puscle may be remarked, or they 
may be seen to run for a greater or 
less distance straight along the 





latter. They all finally paas into the _ "'foiarsartece of the index Angers "Inthe interior 


interior of the corpuscle, however, eats {he tactile corpuscles Into, whose tlseue 


the nervous fibres may be seen entering. 


bat in what manner they end thero 
is still unascertained. In all probability they spread out in the form of pale 
non-medullated fibres or axis cylinders, like those of the terminal bulb, 
That the transversely arranged nuclear bodies, already mentioned, are con- 
nected with the termination of the fibrillw appears extremely improbable. 


§ 186, 

We turn now, in conclusion, to the Pacinian bodies, which may be 
likened to a terminal bulb enveloped in numerous concentric capsules of 
connective-tissue. 

As they come under our notice they are elliptical structures, sometimes 
more elongated than at others, and measuring from 1 to 2 mm. in length. 
To the unaided eye they appear translucent, and marked towards the 
axis with a streak. In man they occur regularly on the nerves supplying 
the palm of the hand and sole of the foot, but with especial frequency on 
those passing to the tops of the fingers and toes. Their total number, in 
these parts taken together, has been estimated at from 600 to 1400. 
According to Rauter, they are met with also, but with less frequency and 
constancy, at many other points in the body: thus on the dorsum of the 
foot and back of the hand, beneath the skin of the arm, forearm, and 
neck ; on the intercostal nerves, and all the articular nerves of the extre- 
mities. They are likewise to be found on many nerves supplying bone, 
and in the interior of the muscles of the hand and foot ; further, in the 
nerves of the parts of generation, and finally on the plexuses of the sym- 
pathetic system, round about the abdominal aorta. Again, they are 
encountered among the mammalia, especially on the sole of the foot, and 
with exquisite distinctness, and in greater or less number, in the mesentery 
of the cat, Pucinian bodies are also found in birds as well as in mammals, 
although modified to a certain extent. 

The laminz of the capsules are looked upon as formed of connective- 
tissue, consisting of an either homogeneous or somewhat fibrillate? 
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Theso two observers gave the corpuscles the name of Pacinian bodies, without any 
idea of their previous discovery by Vater. This name has been retained by some, 
while by othel the strastures cro designated as Valer-Pacinian corpuscles. 


§ 187. 


Having finished the consideration of these terminal bodies, let us now 
turn to the question as to how the remaining wholly sensible nerves end, 
one of the most obscure subjects in minute nervous anatomy, and one 
about which much uncertainty still prevails. 

It is quite obvious that centripetal nerves must occur in voluntary 
muscle as recipients of muscular sensation. Our acquaintance, however, 
with them, is still very slight. 

‘With a view to throwing some light on this point, the platysma of the 
frog was subjected by Koelliker to mninute investigation, being peculiarly 
well suited for this purpose. Here there is to be seen—possibly springing 
from the division of a single broad nerve tube—a elight nervous ramifica- 
tion, confining itself almost entirely to the anterior surface of the muscle. 

e narrow nervous twigs of the same are, at their commencement, still 
dark-edged, but become paler as the branching progresses, and are seen 
later on as fibrils clothed with a loose neurilemma studded with nuclei. 
Eventually they terminate, after the loss of this envelope, in the form of 
extremely fine still branching filaments. The latter measure less than 
0-0023 mm. in diameter. At intervals in their course, as well as at the 
nodal points of their division, small structures like nuclei are to be 
observed. Retiform connections among the fibres appear to occur only 
as exceptions. 

Tn connection with other nerves, however, to which a sensory nature 
may be ascribed with greater or less probability, terminal networks of 
various kinds, formed of pale fibres, have been described. Arnold the 
younger, for instance, mentions such an one on the surface of the con- 
junctival mucous membrane, and Billroth another on the mucous 
membrane of the pharynx of the water salamander. Again, Kovlliker 
speaks of one in the mucous membrane of the small intestine of the frog, 
and confirms Billrotl’s statements as regards the pharynx of the last- 
mentioned animal. 

Similar terminal networks of pale fibres have also been described by 
Axmann and Ciaccio as occurring in the cutis of the frog, and, many 
years ago, as existing in the tail of the tadpole. AJein has also met with 
the same networks, and described them as occurring very widely 
throughout the body of the same animal. 

For many years past we have known of certain isolated instances of 
their occurrence in the skin of maminals, and Schobl has recently demon- 
strated their presence here in great abundance. 

There can be no longer any doubt that the most superficial termina- 
tions of sensible nerves frequently penetrate into the epithelial layers of 
their organs. 

But their ultimate arrangement is still very variously explained. ‘The 
fact is, that at the present time our modes of investigation are still too 
imperfect to admit of our settling the matter conclusively. 

Some suppose them to end in a terminal plexus, so that we would only 
have an intermixture simply of epithelial cells and nerve fibres. Others, 
again, state that the latter penetrate into the cells and end in the nucleoli. 
Thirdly, many support the view that there exist certain pecul¥ 
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membrane of the human larynx. Kivseleff appears to have seen similar 
things in the mucous membrane of the frog’s bladder, and recent investiga- 
tions by Aforano, Klein, Elin, and Chrachtschonovitsch, show that the same 
arrangement of non-medullated filaments exists in the epithelium of the 
conjunctiva, mouth, and of the vagina, sometimes with, sometimes with- 
out the corpuscles of Langerhans. 

The mode of termination of the nerves in the pulp of the teeth (already 
mentioned, p. 269), has also been recently followed up. 

Nervous twigs have long been known to exist in the walls of this struc- 
ture. They may be easily seen here, and consist of dark-bordered fibres 
whose diameter is 0:0038-0:0067 mm. These run upwards parallel to 
each other, and then form an elongated nervous network by the branching 
of their fasciculi. 

By the binary subdivision of these nervous twigs immense numbers of 
very delicate silky primitive fibrillie are formed, according to Boll, which 
resemble elastic fibres in some degree, but which are never seen to join in 
areticulated manner. These pass in between the odontoblasts (p. 270) to 
reach the inner surface of the dentine, where they probably sink into the 
dental canaliculi, Thus the latter contain a double system of fibres, 
composed partly of Tomes’ dental fibres (p. 270), and partly of these 
orth fibres. The well-known sensitivencss of the tooth depends upon 

we latter. 


§ 188. 


‘We now turn to one of the most difficult subjects in uervous histology, 
and one which is still the theme of much controversy—namely, the sfrue- 
ture of the ganglia, 

In regard to the relation of the nerve fibres to the cells even in the bodies 
of fishes, where research is attended with least difficulty, considerable differ- 
ence of opinion still exists. But this is the case to a far greater extent in 
man and the higher vertebrates, where the difficulty of obtaining good 
and eerviceable objects is very great. Besides, it would be hardly prudent 
to make use here of analogy to too great an extent, and to apply thoso 
discoveries, which have been made in the body of the fish, to the human 
organisation without due caution,—in that we are not able to estimate, 
with any certainty, the whole physiological connection between nerve 
fibres and cells in general. On the other hand, it is no less dangerous to 
take isolated observations, which have been with difliculty made on tho 
human and mammal body, and, generalising from these, to dash off with 
bold strokes plans of the organisation of the nervous knots, which dazzle 
us for a time by an apparent physiological consistency, it is true, but 
which may be subsequently recognised as entirely incorrect. 

At first sight we recognise investing the nervous ganglia an envelopo of 
connective-tissue of varying thickness, a modified perineurium, consisting 
partly of fibrillated connective-tissue alone, and partly of the latter inter- 
mixed with Remah’s fibres, This fibrous mass, in which the blood-vessels of 
the ganglion are situated, extends also into the intcrior of the organ, which 
is, however, chiefly made up of ganglion cells packed closely tozether. 

The nervous trunk or trunks entering the knot (fig. 319, 4) are divided 
in the latter into fasciculi, which conduct themselves in various ways. 
Some of them, namely, traverso the structure directly, or with but little 
deviation from the straight line (4), while others are resolved into primi- 
tive fibrill: (7), which continue their course through tho ganglion, twist- 
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to one another,—in the first place, apolar ganglion cells (f) are to be met 
with, but whether their number is a large one or no, we are unable to 
determine. Secondly, unipolar cells 
(¢) are encountered, giving off a deli- 
cate nerve fibre, which is distributed 
peripherally. Again, we meet with 
bipolar ganglion corpuscles, whose 
two nerve tubes take a course at 
one time opposed to each other, at 
another in the same direction. It 
is one of the many things also for 
which we are indebted to Remak, 
that he has pointed out besides, the 
existence in the sympathetic of a 
fourth form among these elements, 
namely, the multipolar cell Taking 
their rise from the latter (id), we see 
from three to twelve processes which, 
by rapid ramification, may soon in- 
crease threefold (d*). The amount 
of these is dependent on the number 

of nervous trunks in connection "#22, Sketch of » mammalian tympathetlc 
with the sympathetic knot, and into polar cells; 
which the processes are continued in“ ™*"*"™ 
the form of nerve tubes: thus it is greater in the solar plexus than in the 
ganglia of other parts of the cord. 

According to the observer just mentioned, the processes of unipolar and 
bipolar cells of sympathetic ganglia undergo division likewise. 

§ 189. 

Beside these larger ganglia just described, we have to consider a multi- 
tude of smaller, and also most minute nervous knots, which have only 
recently been recognised, owing to their frequently microscopical dimen- 
sions. We find them, on the one hand, containing numerous ganglion 
corpuscles, or, again, with but few of the latter. Their number is quite 
surprising throughout the body. They seem to belong, more or less, to 
the sympathetic system, supplying principally the smooth and involuntary 
muscles with their fibres. 

‘Among these may be numbered groups of ganglion cells, which are 
found in the ciliary muscle of the eye, on the branches of the circular 
plexus to be found in the same (C. Krause, H. Miller). Several amall twigs 
from the ciliary nerves, likewise penctrating into the choroid coat, form 
there, in the deeper portions of the latter, a delicate plexus, in which 
scattered ganglion cells and small aggregations of the same have becn 
remarked (H. Afiiller and Schieigyer, Scimish). : 

Other small nervous knots were discovered also, many years ago, by 
Remak on the branches of the NV. glossopharyngeus, distributed to the 
pharnyx and tongue; but those on the twigs of the Lingualis, supplying 
the last-named organ, are still more minute. The nervous twigs, likewise 
distributed to the walls of the larynx and bronchi, as well as tho interior 
of the lungs, bear also similar ganglia upon them. 

Another series of extraordinary ganglia is to be met with in the muscle 
of the heart, presenting itself in man and the mammalia imbedded in the sub- 








tome of the latter with a divic- 
; ¢ unipolar, and /, apolar cells, 
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interlacement of nerves, woven, as it were, round the intestinal 

be (a), and having polyhedral meshes, 
exh it in these there is always situated an aggregation of 
cells (0), sometimes large, sometimes small, but usually causing 
moderate of the cord. Two adjacent ganglia, also, may 
connected by means of a band formed of cells, beside which form the 
most characteristic ee of annular ganglia and commissures are also 
obamet with Th liable to variation to a certain extent, according to 
the different species of animals, the whole formation is usually vory much 
flattened everywhere. Here again we also mest with smaller ganglionic 
bodies, and very fine nerve fibres, and a nucleated perineurium, 
beside which apolar cells aro to be observed, with others giving off two or 

processes. 5 
this plexus in question innumerable delicate nervous twigs are 
circular and longitudinal muscular fibres of the alimentary 
over the peristaltic action of the latter. 

apparatus, also, is no exception in the occurrence of 
_ mh small nervous knots Thus they have been seen by Remak in the 


Vig 21 —Provs tie sonal intestine of the Guinca pig GaNer Awertaeh), 4, nervous inter- 
Macement; 4, ganglia: ¢, lymphaile vessels, 

Dadder of the pig, and in other mammals by Meissner. In tho same 
of the frog they may he recognised with great ease also (Manz, Klebs.) 
tha corpora cavernosa of the male orgun of generation theso knots 

‘were found between the years 1830 and 1840 by J. Miller. Thoy are 

leo present in tho nerves of the human and mammalian uterus, and in 

the connective-tisene around the vagina, as well as in the submucosa of 
the latter. 
Remak ond Manz mention ganglionic plexuses around the muscular 

Saree = of birds also, 


" 
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occur in nervous tissue, apart from a small amount of it in a soluble form, 
is atill uncertain. Quantitively it is impossible to analyse them on 
account of being obliged to include the primitive sheath, and other tissue 
elementa. The amount, besides, of residue insoluble in ether varies 
considerably, from 9 to 14 per cent. 

As eoluble in ether, we obtain further the so-called cerebral substances 
lecithin and cerebrin (§ 20), and likewise cholestearin in considerable 
quantity (§ 21). The amount of these matters, further, has been found 
to be far greater in the white substance of the brain than in the grey, 
and they may, therefore, be regarded as essentially constituents of the 
nervous medulla, although we do not possess any satisfactory explana- 
tion of the manner in which they oceur here being insoluble in water. 

From the fact that lecithin (which exists in great quantity in the brain), 
yields, besides neurin (§ 33), and glycerophosphoric acid (§ 16), palmi- 
tinie and oleic acid also, we may infer that the fatty acids and fats, upon 
which such stress used formerly to be laid, were possibly only products 
of the decomposition of the former. 

Cholestearin, which occurs in cerebral tissue in large quantities (amount- 
ing, according to Von Bibra, to a third of the matters soluble in ether), has 
the nature likewise of a decomposition product. 

Turning now to the quantity of these matters soluble in ether, we find 
their proportion in the grey substance, in which much water is contained, 
to be 5-7 per cent.; in the white tissue, which is poorer in the latter, on 
the other hand, it is 15-17 per cent., and rises still higher in the spinal 
cord. Considerable difference may be observed, also, between the various 
parts of thesame brain. In the infant the amount of these matters is 
very small, there being, besides, no difference in this respect between the 
white and grey tissue. In the fatus they are present in still smaller 
quantity. 

Among the products of transformative processes going on in nervous 
tissue, may be reckoned formic and lactic acid (found in the brain), and 
possibly also acetic acid, also inosit, kreatin, leucin (in the ox), zunthin 
and hypoxanthin (Scherer), urea (in the dog), and uric acid. 

-The ash of cerebral substance amounts, according to Breed, to 0-027 
per cent. of the fresh tissue, In a hundred parts of the former he found :— 


Free phosphoric acid, =. «wwe 9-15 
Phosphate of potassium,. . . . . 55-24 
»  ofsodum, . . . - + 2293 
” of iron, . 5 i f : 2 1:23 
»  ofcalcium, . ©. .  . 162 
>  ofmagnesium, . . . 3-40 
Chloride of sodium, GS ity G8d ode PTS 474 
Sulphate of potassium, . 3 : : : 164 
Silica, . ry a 0-42 


The preponderance of potash and magnesia over soda and lime recalls 
to mind the state of things in muscle. 


§ 191. 


Turning now to tho application to neural physiology of the points 
regarding the structure of the nervous apparatus, which have just been 
described, we see in the firat place, in the two kinds of structural elements, 
a contrast between merely conducting fibres and cells which are endowed 
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muscular substance, excitable though free of nerves, has done much towards 
the adjustment of that very old controversy in regard to whether there 
be such a thing as muscular irritability. The termination of sensory 
nerves in special anatomical structures, such as the Pacinian bodies, or 
Krause’s tactile corpuscles, is also of great interest. 

To return to the ganglion cells: there seems to be among them just as 
little coincidence between their anatomical variety and physiological 
difference as among the nerve tubes. The physiological significance, 
farther, of the apolar nervous cells, is still unknown to us; even the fact 
of their existence has in it something strange to the physiologist. The 
unipolar cell, also, which is looked upon as the starting-point of the fibre 
Proceeding from it, should be connected with the cells adjacent to it by 
commissures, The physiological purpose for which bipolar cells exist is 
likewise veiled in obscurity. The most comprehensible are the multi- 
polar elements with their. efferent nervous fibres. 

But, although we are at present unable to understand many things in 
the texture of the ganglion, nevertheless, important points in relation to 
the motions of organs have been gained by an acquaintance with the 
smaller ganglionic plexuses discovered in such surprising numbers. We 
refer to the submucous ganglionic networks, and plexus myentericus of 
the digestive apparatus, 

Living nervous substance, further, has, like muscle, electromotor pro- 


As to the amount of interchange of matter which goes on in the 
nervous elements, we are still in the dark. That it is probably consider- 
able, is indicated by the fact that a fatigued nerve regains, after a certain 
period of rest, its original power of functionating, and also that ligature 
of the arteries of a part brings about a rapid paralysis of the motor and 
sensible nerves supplying the same. The scanty notes of the preceding 
section likewise contain all that is at present known of the nature of this 
interchange of matter. 

As to the question, further, how far an anatomical change goes hand in 
hand with the chemical, or, in other words, how far the nerve tubes and 
cells may be regarded as persistent structures, or, on the other hand, only 
destined for a short existence as transitory formations, we are unable to 
give any answer. The corpuscles and fibres present themselves in far too 
great variety of form in the adult body for us to be able to separate 
young, mature, and older elements from one another. 

§ 192. 

The mode of development of nervous tissue in the embryo is one of 
the most obscure chapters of modern histology. 

That the brain and spinal cord, together with the internal portions of 
the higher organs of sense, formed from the first of these, are productions 
of the so-called corneous layer of Remuk, is an ascertained fact. They 
take their rise, in other words, from the cells of the upper cellular layer 
nearest the embryonic axis. 

On the other hand, the point of origin of tho ganglia and peripheral 
nerves is still unknown to us. We are still unable to determine whether, 
as is very probable, these parts are productions of the corneous embryonic 
leaf, or whether, according to one view which is held, they have not 
originated independently in the middle germinal plato, and only become 
subsequently connected with the nervous centres. The connection of 
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‘being. 
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vesicles together. Such a group (whi 
dimensions) may form a complex 
or may bo associated with other aggregations as a su! of an 
organ (figs. 326 and 334), 

These aggregations are known under the names of foluli or acint (1) 
From these open vesicles a multitude of =e built up, a8, for instanes, 


LE 
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a third apecies of glands we find 
the form of a roundish capeule 
nently of considerable size (fig. 335). 
contents either hy rupture of their walls, known as 
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which they are, without exception, destroyed, or the cavity remains 
cloeed during the whole of life, the contents exuding through the 
parietes. To the first of these species the glandular elements of the 
ovaries belong; to the second, those of the thyroid body. In man, 
however, we never meet with a whole gland formed of one closed capsule 
by iteelf, as is the case with the tubular follicles, The few organs in our 
body which may be numbered with the last species, are composed of a 
pales of elements of this kind imbedded in a connective-tissue ground- 
worl 

Rewanxe.—The word “acinus ” is also made use of to designate the gland-vesicle, 
so that it is as well, perhaps, to avoid the term entirely. 


§ 195. 


The second, and more important elementary structures of the organs 
with which we are now engaged, are the gland cells, These are derived 
from the corneous and intestinal glandular embryonic leaves, and in 
keeping with their origin, never completely lose their epithelial characters, 

In the bodies of many of the lower animals the significance of these 
gland cells appears in the most striking way. The interesting discovery, 
namely, has been made, that in them there exist glandular organs which 
consist of but one single cell only. 

Within the cavities of glandular organs these cells are either packed 
closely together without order, filling out the former, or they clothe their 
internal surfaces like epithelium. Not unfrequently, when so arranged, 
their figure is polyhedral. They may also occur either arranged in one 
single layer, or forming a double lamina. 

At the outlets of glands these cells are continuous with those of the 
neighbouring epithelial formations, and frequently without any sharp line 
of demarcation, 20 that the latter may be looked upon as having become 
gradually transformed into glandular elements. Indeed, wo meet with 





336,—Cells from the peptic glands of Fig. 337—Muman hepa- 
Pan a, cell without @ membrane; fic cei ar one ith 
3, a naclens enveluped in a residue of &@ single nucleus; 4, 


tthe body of the cell; c, a cell with twu another with two of 
nuclei; d-g, cells with contour ‘the latter, 

and decrease in the number of granules 

‘usally contained in such. 


many glandular organs whose cells are but little different, at least anato- 
mically, from those of the epithelia. , . 
The different species of cells which are met with in the latter have their 
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kinds of cellular elements, as, for instance, in the submaxillary and peptic 
glands of many mammals. We shall refer to these again. 

Differences in gland cells have also been remarked corresponding to 
their conditions of activity and rest, e.g., in the glands of the stomach and 
submaxillary of many mammals, &c, 

Finally (en passant), between the hepatic elements, and later still 
‘between those of several racemose glands, a system of the most delicate 
canals has been met with, to which the name of “gland capillaries” has 
been given. Tig, 339 will give some idea of the nature of these. 

Turning now to the size and further composition of the gland cell, we 
observe great diversity, especially in the former. Those elements, for 
instance, clothing the internal surface of the ovarian vesicles, possess a 
diameter of only 0-0074-0:0090 mm., while the roundish polyhedral cells 
of the racemose mucous glands measure 0:0068-0:0113 mm., those of the 
peptic glands 0:0226-0° 0326 min., and those of the liver almost as much, 

In these cells are to be found single, or not unfrequently double, 
metel of from 0-0056 to 0-0090, at one time vesicular, and at another more 
homogeneous. At a later period, in the more mature ‘ell, these may, how- 
ever, become dissolved. The contour of such elements is usually very deli- 
cate, and their contents are of various kinds; this we shall again refer to, 


§ 196. 

The delicate constitution of the cells in question, together with the 
lively interchange of matter which is carried on through their agency, 
tends to render the existence of a certain number of them very transitory, 
showing again another parallel with many epithelial elements. Lut while 
we are able to demonstrate the briefness of the existence of many cells 
with all the certainty desirable, we have no facts to support us in other 
cases, nay, we even have observations which point to the very opposite 
conclusions as regards them. Thus the hepatic (fig. 337) and renal cells 
are known to be comparatively permanent elements. 

Here again, as among the epithelia, mechanical wear and tear takes 
place also, the stream of fluid which flows towards the outlet of the 
gland carrying off with it greater or smaller quantities of the cellular 
lining. If we observe, for instance, the stratum of mucus which covers 
the coats of the stomach while digestion is going on, especially among 
phytophagous animals, we may frequently discover extraordinary numbers 
of peptic cells swept away in the gastric juice which wells up from below. 
The sebaceous secretions of the skin contain likewise cellular elements 
derived from the glands, from whence they emanate. In other organs, 
however, such as the kidney, lachrymal, and sweat glands, the cells appear 
to be washed away to a smaller extent, and in the bile hepatic cells are 
never to be found. 

The transient nature of these elements is manifested again in another 
way. They are destroyed, namely, to form the accretion of the gland to 
which they belong. Without taking into account such peculiar changes 
as lead to the origin of spermatozoa within the cells of the seminal 
tubules, we find the most ordinary mode of decay to be in physiological 
fatty degeneration, as it may be expressed, of the elements of glands. 
Here the cells are observed to be destroyed by the generation within 
them of fatty contents, undergoing subsequently a process of solution 
by which the latter are liberated, and appear as constituents of the 
glandular secretion. This is found to take place in the sebaceous glands 
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of these structures known as the prostrate. The lungs might also be added 
here on account of their structure and development. The gland vesicles, 
almost ulways formed of a delicate membrana propria, vary in size from 
01128 to 0-0451 mm., with extremes in both directions. The contents 
consists either of rounded, or more or less cubical cella. Some of them are 
filled with a fatty secretion. We have already considered their efferent 
ducts in the foregoing section. 

3. Turning, finally, to those glands consisting of entirely closed roundish 
cavities, the thyroid (fig. 352) may be taken as the type. Here we 
find a number of short glandular spaces of roundish form in a ground- 
work of connective-tissue, having a diameter of 0:1128-0-0564 mm. and 
lees, and consisting of a fibrous wall (without any distinct membrana pro- 
pria) with a coating of small round cella. In the Graafian vesicle of the 
ovary, which is opened by rupture, and destroyed after expulsion of the 
ovum and remaining contents, we have another more complicated cap- 
sule, also imbedded in abundant, dense fibrous tissue. The interior is 
lined by minute, round, nucleated cella, in the midst of which lies the 
primitive ovum. 

§ 199. 

As to the composition of glandular-tissue, to which we will now devote 
a few lines, it is one of the most neglected subjects in histology. Even 
of the nature of the membrana propria we know but little: ite substance, 
however, is no albuminous one. It consists rather of some material 
difficult of solution, and offering a tolerably prolonged resistance to the 
action of weak acids and alkalies, reminding us of the bearing of the 
transparent membranes of the eye. Its power of resisting concentrated 
alkalies is sometimes also considerable, in which cases this gland-enve- 
lope may consist of elastin, an important point when we take into 
account its indifferent nature and stability, and the great secretory energy 
of the organ. In other cases this membrane is not so durable, and we have 
not the slightest clue as to its composition. It need hardly be remarked 
that at those points where, instead of a transparent homogeneous mem- 
brane, a layer of connective-tissue presents itself, bounding the sub- 
divisions of the organ, we have to deal with a glutin-yielding substance. 

The gland cells, the most important parts of the organ in question, — 
those, in fact, which constitute them glands,—have but little remarkable 
about them excepting the contents of their bodies. Their membranes 
consist, for the most part, of a matter which gives way even to the weaker 
acids, but sometimes of a material possessing much greater power of resist- 
ance, thus reminding us of many of the so closely allied epithelia. The 
nuclei present the same peculiarities here as elsewhcre. 

The matters, however, contained in these gland cells vary with the 
species of secretion to be produced. Thus, for instance, we meet with 
materials in the cells of the liver which are subsequently found free in 
the bile,—such as fate, pigments, and glycogen, which leads to the forma- 
tion of sugar, and is carried off with the blood of the hepatic vein. In 
the cells of the mammary gland, further, we have the butter fats of tho 
milk ; in those of the sebaceous glands, the fatty matters observed on the 
skin ; in the gastric cells, the pepsin found in the juices of the stomach, 
and so on. Mucin also is contained, together with other substances, in 
those cells held to be the generators of mucus. 

Now, although the components of the secretions present themselves 
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parts of the body, are tubes just sufficiently large to permit the passage 
through them of a single blood corpuscle, which can even be compressed in 
ite course. The diameter of the lumen may be stated consequently at 
00045-00068 mm., whilst other and more considerable tubes attain a 
breadth of 0-0113 mm. and upwards. 

These canals (355, A, B) were supposed, until very recently, to have 
an extremely simple texture. As a rule, their walls are perfectly trans- 
parent and structureless, and endowed with remarkable elasticity and 
extensibility. Chemically, they resemble the sarcolemma of muscle 
fibres and primitive sheath of nerves, displaying a considerable power 
of resisting the action of many strong reagents. In the walls of these 
tubes rounded or oval nuclei are to be seen, 0:0056--0-:0074 mm. in 
diameter, in which nucleoli may be remarked. These are arranged 
irregularly one behind the other at considerable intervals (A, a, b, B, a), 
but at times at more regular distances (A, a, B, b). In larger branches, 
measuring perhaps 0-0113 mm. and upwards, the latter arrangement is 
the rule; otherwise the structure remains the same, except that such 
tubes may attain considerable thickness, amounting to 0-0018 mm. The 
long axis of the nuclei corresponds to that of the vessel ; they are conse- 
quently said to be longitudinally oval in figure. 

§ 202. 

This view just mentioned of the nature of the walls of capillaries was 
held for many years with unquestioning tenacity, no expedient having as 
yet been hit upon by which the structure of the trans- 
parent nucleated membrane of which they consist could \\ 
‘be farther resolved. CY 

However, all at once the analysis of structure was ‘ 
accomplished through the discoveries of Awerbuch, 7 ~ 
Eberth, and Aeby following in the footsteps of Huyer. 
From them we leamed the usefulness of very dilute  § ~ 
solutions of nitrate of silver in rendering visible, in 
the most exquisite manner, the delicate contour of \ 
cells (whether those of epithelium or smooth muscle) } 
in the form of dark lines. The transparent nucleated \ 
membrane in question is formed of flat cells, often 

vuliarly bordered, and having a single nucleus (figs. 
356 and 357); they are united closely with ono 
another at their edges, and curved towards the lumen 
of the vessel. The tube thus formed is endowed, 
moreover, with vital contractility (Stricker). 

These cells, further, extend continuously into the 
more considerable and even the largest trunks, though 
to a certain extent modified. This may easily be re- 
cognised. Here they were known even to the earlier 
histologists, their contour being plainly visible without "g_ 856 — Caniilarice 
any farther treatment. They were described as the ofa Guinca-yig ater 
epithelia of the arteries, veins, and cardiac cavities {restment with solu. 
(§ 87), and we may add, with perfect correctness, for ver. a ceils; &, nu- 
these lining cells of the vascular system are members“! °'he #8 
of the epithclium group of the middle germinal layer (pp. 158, 159), the 
endothelia of His, Another name has been proposed for them also by 
Auerbach, namely, perithelium. Tt may be found more sonvenien’, bo 
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muscular elements as middle coat, and finally (@) the external envelope 
of connective-tissan, 
‘Vessels of this kind can by no means be called any longer capillaries ; 


é 


Mig. teL—Tro consldersble resale trom the pla wad of thi butede tea, 
A small arterial twig. 2 A venous twigs a, 6, Internals 6 mibddles 
nd external layer, 


they bear from henceforth far more the chaructor of fine arterial and 
. branches, 
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Aeiotine ee tanen Tacos the size of the capillaries must be greater 
eal ad Mal Bloa corps 


el it ii 


Fig. 8. —Vesscls from the human retina. «, arterial 
4, capillary network; «, renous twig. 


and nails. It is easy to conceive that, 
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(fig. 363, ¢, @), in nerves, in follicular or tul 


the stomuch (fig. $43, p, 354). 


ag well a3 the shape of false Gey 
Hig. 167—Capillary network from a rabbit's Gree, 





TISSUES OF THE DODY. 373 


‘Tt is easy to conceive also that cach form of network if 
pep arene aaiiy Atherenk modifications eae 


and papilles of the mucous 
eit, may bo formed 


Fig. 270.—Glomerutus from a. pig's kid 
{RAE dlagrammtiey, 4, ‘branch ¢ 
ines apenas coments 6 pe, 
efferent ary 
itsolf twig 


or romain single, after = sty: A¢ urinary tutales, 
efferent vessel makes its (@), which at a short 
distance from the glomeralus is into a capillary network (4). 


§ 206. 


is an appendage of the circulatory, designed to 
blood those nutritive fluids, impregnated with the pro- 


the prs in evan ots the 
are not found in such non-vascular tissues 
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§ 207. 


‘That difficulty of filling the peripheral portions of lymphatics owing to 
inteivaivessaisady:rmantioned fx a aus an 
learned to overcome. The fol- 


the preceding section, we have recently 


‘Fig. 872 —Vertleal section through the mucous mem- 

brane of the conjunctive of the ox, from the lower 

Ma. @, laree lywphatic vessel; 6, folliele; ¢, super- 
Tomea, Zarcarykin, — tt menatiocaunls 
illarry, a8 well as by His, Frey, Langer. 

far as abeorbents, the peripheral 
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seen here either in 
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nited in a reticular 
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Fig. 374—Vrom the tliyroid gland of the infant, a6, 
Flandnlar spaces; df, and terminal tye 


eH 


tanging from 0°0113 to 00451, 
reserve anything like the same diameter 
resent strong dilatations and sadden 





376 MANUAL OF HISTOLOGY. 


— , to a considerable extent, in regard to the various parts 
same 
As to their relation to the blood-yessels one thing is cortain, that = 
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lymph streams which has just 
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nsisting 
ie i ah: 
A i ibres, which is covered by an 


from between the longitudinal and transverse layers of muscle In tho 
‘Ane, and d, larger canals; at, plerws myenteriow of 


bundles of unstriped muscle arranged 
ina manner. According to Koelliker, the serosa has « thickness 
of hardly 00135-0226, and the media of 0°0564 mm, 

‘The relations of those canala to the eae glands, on their arrival 
fn tho Intter, we reserve for the third part of our work. 
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_A cell of this kind, then, swells up into a vesicle, while at the same 
time its nucleus undergoes segmentation. Some of these nuclei presenting 
great regularity of arrangement throughout the protoplasm cortex (endo- 
thelium vesicle of Klein), the latter may be regarded as made up of not yet 
separated endothelial cells. These are to be seen later more distinctly. 

From the endothelial wall further yellow-coloured and white cells spring, 
by a process of gemmation, 
—the first blood corpuscles. 
The genesis of these cells, 
therefore, appeara now un- 
der a new light (§ 81). 

In other of these forma- 
tive cells the inner portion 
of the protoplasm is said to 
assume a red colour, and to 
divide itself over the new 
nuclei formed by segmen- 
tation to form blood-cor- 
puscles. Finally, coarsely 
granular cells are said to 
undergo a precisely similar 
process of transformation. 

Thus, we see that both 
the walls of the vessels and 
the firet blood corpuscles 
take their origin from the 
eame cells, “the brood- 
cells” (Brutzellen) of Klein. 

But how is the vascular 
tube formed from these sepa- 
rate endothelial vesicles? 

The first of the vesicles 
‘become elongated and sac- 
culated. They may, how- 
ever, only at first send out 
laterally solid buds of proto- 
plasm which subsequently 
become hollowed. Now, Fig. 84—Development of fine capillaries in the tall of the 
by the union of all these, ‘tadpole. P, 7, protoplasm sprouts and cords, 
one with another, the first vascular tubes are formed. 

Eventhe largest vessels and the heart itself appear to have a similar origin. 

We have before us, then, protoplasm tubes which gradually divide into 
endothelial cells by a process of segmentation of the nuclei. This agrees 
very perfectly with an old-established fact, namely, that only from a 
certain stage of development on, does the nitrate of silver solution pro- 
duce the well-known mosaic appearance in the walls of capillaries. 

‘Very early it may be remarked in tho chick that the growing arteries 
receive a clothing of flat stellate cells forming an embryonic adventitia, 

The farther development of vessels, but more especially of new capil- 
laries from those already present, agrees most beautifully with all this. 
On this point we have lately had some very excollent observations by 
Arnold, with some not quite so recent. 

An object formerly much studied has recently received much pean 

% 
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also, namely, the tail of the tadpole. Here (fig. 384) a rapid formation of 
capillaries, from some already present, may be observed to take place, as 
has long been known, by a species of budding. 





Fig. 385.—From the eitreus Aumour of the foetal calf. Two veasels connected by a “cord” of proto- 
plasm, and clothed with an adventitia, 4, insertion of this cord into the primary wall of the vemela 

From the walls of already formed capillaries protoplasm is supplied 
capable of further independent development (p, p). By the growth of 

this thoee sprouts and threads 
are produced to which we 
have just alluded. These, 
again, are converted into cords 
by fusion one with another, 
and the axial portion of each 
thread becoming fluid subse- 
quently, tubes of protoplasm 
are formed. 

But with this farther trans- 
formation of the walls a for- 
mation of new nuclei gues 
hand in hand. The latter 
are at first small and not 
sharply defined, but become 
larger and more distinct later 
on. From these two consti- 
tuents, then, nuclei and pro- 
toplasm, the vascular or en- 
dotheliam cells already men- 
tioned are formed by a specics 
of segmentation (Arnold). 

In fe. = we have Pre 

sented something similar in 
Cetera aS Ata the formation of veseds in 
beema! the corpus vitreum of the 
fortal calf. Here, however, numerous adventitial cells are also present. 
The next woodcut also (fig. 386), which sppeared in the first edition of 
this work, represents the same thint, 
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The vessels frequently undergo, subsequently, further development, both 
in regard to form, size, and texture. Those of the gravid uterus present 
8 peculiar periodical increase in size. Others, as, for instance, those of the 
cornea towards the close of fatal life and after birth, suffer extensive 
obliteration. During this process His observed the formation of stellate 
bodies resembling ramifying pigment cells. 

Pathological neoplasis of vessels is of frequent occurrence. It was for- 
merly supposed, however, that they were formed independently of the 
normal vessels already present, the pathological tubes becoming subse- 
quently united to those physiologically formed. But there can be no doubt 
that the pathological have the same mode of origin as the normal. 

Thus, in the regeneration of a tadpole’s tail we may remark (fig. 387, 
a, b, ¢, d) the same long known protoplasm sprouts and threads again If 





Fig. 387 Development of capillaries in the regencrating tail of a tad- 
pole after Arnold. 4, b,  d, sprouts and cords of protoplasm. 


we look at the same vascular region twenty-four hours later, it presents 
the appearance figured in fig. 388. The protoplasm thread, d, has become 
converted into a pervious capillary tube; a, b, and ¢ have become wide 
protoplasm cords. 

It appears, however, that a new formation of vessels may take place in 
another manner. According to Thiersch, if a wound be made in the 
tongue of mammals, a number of wall-less passages are observed between 
the arteries and veins at a certain stage of the healing process, which carry 
the blood. Some of these lacunar passages become later on converted 
into true vessels, the neighbourhood probably supplying vascular cells, while 
the greater number are destroyed. Hereafter, in speaking of the spleen, 
we shall have to consider similar lacunar blood streams as existing in it. 

Vascular tumours, known as angiomas, present a different structure. We 
refer the student to the handbooks of pathological anatomy. 

As to the development of the Jymphatic vessels we possers very Little 
information at present. There can be but little doubt, however, Uh Won 
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fine canals in the tadpole’s tail have a similar origin to the blood capil- 
laries. 
The pathological new formation of lympatic vessels has been remarked, 





Fig. 388.—The same region after the lapse of twenty-four hours, 


however, as, for instance, in pseudo-membranes and adhesions, by Sehrider 
van der Koll, E. Wagner, and Teichmann. W. Krause was the first to 
demonstrate their presence in tumours by injection. 


18. The Hair. 
§ 212. 


The hairs are productions of the corneous embryonic plate. They are 
filiform appendages, composed of a modified epithelial tissue, and are of 
rather complex structure. In hairs we have to distinguish between the 
shaft (fig. 389, 1), which projects beyond the skin in the greater part of 
its length, and terminates above in a point, the root or lower portion 
which is concealed in the skin, and ends in a flask-shaped duplicature of 
the latter, called the hair fullicle («), and the bu/b, which is the thickened 
and rounded terminal portion (/). The latter, hollowed out below, is 
seated on a papilla (i) rising from the floor of the follicle. Between the 
follicle and the proper hair is found a complex encasing sheath, which is 
divided into an external (c) and infernal portion (2). 

It may be found most convenient if we commence our observations 
with tho most deeply seated portions of the structures in question, for in 
them we have the source from whence the latter spring, and can observe 
tho earliest forms under which the tissue makes an appearance. In this 
way we shall be best enabled to comprehend the further transformations 
which take place until eventually the texture of the shaft is arrived at. 

Tho hair follicle (a) is a reduplication of the catia vera of variable 

Jength and oblique direction. In some cases, whon Yoo Wutire ere leg, 
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whole length, and communicate to it a peculiar transversely striated 

The cells assume, at the upper portion of the bulb, a more 

form and « position more and more oblique as regards the 

surface of tho Intter. Losing their nuclei and becoming more and more 

awe! (fig. 392, /), thoy are gradually transformed into s serics of 

thin and transparent scales (fig. 393, ¢, /) of 00377-00451 

in diameter, which overlap each other like roofing tiles, the lower lying 
with their froo edges upon those above, 


originates that series of delicate 
face of the freak hair (ig. 304; and 
392, #*/), connected in a reticular man- 
ner one another by means of other 


obliquely coursing lines (1). We somo- 
times suiccoed in detecting these colls, Mg_3%—Cuicle from the shaft of the 
on the outline of the hair, owing to their — fuiuitury wasn thower me '° 
upper free edge projecting from the shaft 
in the ‘the form of small ridges. To show them properly, we have recourse to 
Sey action on the tissue of solutions of soda, or, better |, of sulphuric 
acl 

‘There still remains for consideration the axial or medullary mass of 
the hair (2). This is, however, no essential constituent of the structure 
in question, in that it is not to be found as a rale in downy hairs, and 
is frequently absent in part or entiroly in those of the head. “It presenta 
itself in the form of a streak in the contre of the stem, occupying about a 
fourth of the thicknoss of the latter (fig. 392, m, n ; 394). 

Whilst at the boundary between the bulb and commencement of the 
shaft the external cella become elongated, and the trinsformation into 
= eharseteristic hair-plates commences, those situated internally assume 

or less angular form ax they become arranged in several layers and 
ences in ode _ mae may measure 0:0151-00226 mm. These 
(fig. 392, &). On the other han 
eres patinbes and he extensively in the con 
frei besa fl = with corresponding bubbles of air, pre- 
x, proportion, the appeanince of fatty. or 
‘a which they were ling ie to be. 
ea medullary substance of white hair a silvery 
seed Atal light, whilst in coloured hair, whatever be its 
‘the white axial portion shines through. By suitable treatment we 
are able to the sir from the medulla in the eame manner as from a 
i of bone, when, on subsequent drying, it rapidly fills again. 


of th tienlar cells seventh The, 
0 De red lag retro Seo 
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c 50°65 per cent, 
H 636, 

N l7l4 
ro) 2085, 
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The amount of sulphur, 4-5 per cent., seems considerable. 

But little is known at present of the nature of that diffused colouring 
matter which saturates the cortical tissue of the hair, or of the granular 
pigment of the structure. Those fatty matters which may be extracted 
in varying amount from hairs appear to contain the ordinary neutral 
combinations found in other parts of the system. They probably have 
their origin, for the most part, in the sebaceous glands. 

The ashes of hair amount to from 0°54 to 185 per cont. They consist 
of salts soluble in water, together with phosphate and sulphate of calcium, 
silicates and oxide of iron (0-058-0-390 per cent.) Manganeso, although 
formerly stated by Vauquelin to exist in tho hairs, has not been found 
by chemists of a later period. That the presence of iron has anything to 
say to the tint of the latter is very improbable. 


$217. 


Hairs are to be found on almost every part of the human body. They 
are missed, however, on the upper eyelid, the lips, the palm of the hand 
and sole of the foot, the last joints of the fingers and toes, the inner 
surface of the prepuce, and on the glans penis. Their size, further, is 
liable to considerable variation, as we may sce from the range in their 
diameter from 0°15 mm. and upwards down toeven 00153 mm. A distine- 
tion is always made between the very pliant downy hairs (/anugo) and 
those which are stronger, sometimes pliant and sometimes stiff. No 
sharp distinction, however, can be drawn between them. The thickest 
are those of the beard and pubis. The length of the free portion also 
varies extremely, ranging from 1-2” among the smaller downy hairs, to 
4-5’, as on the heads of women. Many hairs, notwithstanding their 
thickness, remain exccedingly short; this is the case in the eyebrows 
(supercilia), eyelashes (cilix), and bristles at the entrance to the anterior 
nares (vibrisse). The straightness or curliness of hairs depends upon 
the form of their shaft. In the first instance, the transverse section of 
the latter is round ; in the second, oval, or even reniform. 

Hairs are found either singly, in pairs, or small groups. The oblique 
direction of the follicles also brings with it great variety of position in 
the various localities (Fychricht). In the several parts of the body the 
number of hairs likewise is found to vary considerably, so that, while 
on the scalp 293 have been counted to the square inch, the same super- 
ficial extent of the chin has only shown 39, and on the anterior aspect of 
the leg, 13 (IWithof). It is hardly necessary to remark that, together 
with this variation, many individual differences present themselves, 

The structures we are engaged in considering are remarkable for their 
great strength and elasticity. They will support a considerable weight 
without breaking, and return almost to their original length again on 
removal of the extending force, if the latter have not been altogether too 
great. Owing to their dry and horny composition, they belong to the 
tost durable of all the tissues of the body ; witness the hairs of muvmies. 
They absorb moisture greedily from without-—in the first place, wares 
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produce the several organs and apparatuses of the ody. These organs, 
whose performances are dependent on the individual qualities of the 

- various tissues of which they are composed, present far greater difficulties, 
as regards their classification, than the tissues themselves (§ 64),—the 
More 80, a8 we are unable accurately to define what is precisely meant 
by an organ. If we compare the many apparatuses of the body, we find 
the greatest differences existing as regards their construction. Some of 
them are formed in the simplest manner of one single tissue, as, for 
instance, the nails, the lens, the vitreous humour. Their performances, 
in such cases, may also agree with the physiological energy of the tissue. 
Other organs, however, are combinations of several, of many, nay, even of 
most, of the tissues of the body. It will suffice to point, by way of 
example, to the organs of vision. Thus, here, as in the classification of 
tissues, the systematic worth of the terms simple and compound seem to 
recommend them for use. This principle of division, however, can be by 
no means so strictly adhered to here, owing to the multitude of organs, a8 
was the case in dealing with the tissues. 

It is a common mode of classification among anatomists to group 
the organs of the body in particular systems. By this we understand 
the arrangements of parts together, which are found to be identical or 
similar as regards the finer composition of their tissues. Thus the 

resent divisions into nerves, muscles, osseous, and vascular systems have 
arrived at. We also speak, however, of a digestive and generative 
system, where this similarity of texture in the various parts making up 
the whole by no means exists. Thus in the many manuals which treat 
of these subjects the greatest differences as regards classification may be 
observed. 

It may be found most expedient, then, if we base the third section 
of this work upon the principle of physiological classification, and make 
nse of the old division of organs, into those which take part in the 
vegetative occurrences of the body, and those belonging to the animal 
side of life. It cannot be denied, however, that this classification will 
not everywhere hold good; for in the wonderful linking of parts one 
with another there occur many intermediate forms. Thus nerves and 
muscles make their appearance in apparatuses belonging to the vege- 
tative sphere, blood and lymphatic vessels, aud glands in animal organs, 
and 80 on. 

Starting from this point, then, we come to another mode of grouping parts, 
namely into apparatuses, that is, a combination of a number of organs for 
the carrying out of some one physiological purpose. A system and 
apparatus may correspond, as in bony, muscular, and nervous portions of 
the body, but do not necessarily. Thus from one point of view there is 
such a thing asa digestive and respiratory apparatus, but not a diges- 
tive and respiratory system. The following is our classification of 
organs :— 


A. Belonging to the Vegetative Group. 
1. Circulatory apparatus. 
2. Respiratory apparatus. 
3. Digestive apparatus. 
4. Urinary apparatus. 
5. Generative apparatus. 


400 MANUAL OF HISTOLOGY. 


B. Belonging to the Animal Group. 


6. Osseous apparatus or systen). 
7. Muscular apparatus or system. 
8. Nervous apparatus or system. 
9. Sensory apparatus. 


Having been obliged, in speaking of the different tissues, to refer fre- 
quently to their arrangement in the formation of various organs, or their 
constitution within composite apparatuses, the discussion of this third part, 
or Topographical Histology, will be very irregular as regards the several 
parts. The chief object to be kept in view will be the description of the 
finer structure of organs, with reference to that, in the microscopical 
relations of the same which could not before be brought under notice. 


UL 


THE 


ORGANS OF THE BODY. 


Ill. THE ORGANS OF THE BODY. 


A. Organs of the Vegetative Group. 
1, Circulatory Apparatus. 
§ 220, 
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lary substance (§ 224), so that there can be no doubt as to the further 
course of the injection fluid: it fills namely this network of lymph pas- 

also, while the lymph tubes of the medullary substance remain 
colourless eo long as only slight pressure is used. 

From the mode of termination of the injection wo perceive that the 
vas efferens must take its rise from the passages of the medullary portion 
of the gland, in that it is at last filled by the fluid employed. It is also 
possible at times to drive the liquid back through the rus efevens into the 
lymph node by overcoming the opposition of the valves. Retrograde 
injections of this kind impel the matter used first into the reticulated 
passages between the lymph-tubes of the medulla, and from thence further 
on into the investing spaces of the follicles. 

The confluence of these medullary lymph streams, however, to form a 
branch of the ows eferens is a point very difficult of detection (fig. 409). 

The latter vessel which leads into the conncetive-tissue at the hilus 
undergoes there further division into branches, as has been already 
remarked. These may vary greatly uccording to the size of the gland, 
and the greater or leas development of 
the fibrous nucleus of the latter. En- 
closed within the partitions of the 
medulla, the last branches of the vas 
efferens (e) are observed to course along 
in the form of tubes of various calibre, 
whose walls are, as a rule, fused with 
the surrounding connective-tissue (/). 

Finally, on penetrating further into 
the gland we observe that the partitions 
which contain such ramifications of 
thevas efferens become subdivided more 
and more, forming series of diverging 
bands, so that the lymph stream is no 
longer enclosed within an envelope, 
and exhibits all the reticular characters 
and irregular limitations (d) charac- 
teristic of the hollow cavities of the 
medulla. In fact, there can be no 
doubt that we have before us the origin 
of the tue cffzrens from the cavernous 7m 
portion of the medulla of the gland. sina rae pti 

It may be remarked, further, that the vasa efferentia on their exit from 
the lymph nodes present much variety of appearance, depending upon the 
size of the organ and the development of the connective-tissue nucleus in 
the neighbourhood of the hilua. Thus in the hilus of the large mesenteric 
glands of the ox a regular plexus of peculiar, very tortuous, and knotted 
veasels has been seen by Koelliker, and Teichmann also gives drawings of 
exceedingly complicated vasa efferentia, 

From the foregoing description, then, the following conclusions may be 
drawn. ‘The vessel leading into the gland pierces its capsule in the form 
ofa canal, and opens into the investing spaces of the follicle. Those 
lead then into the lymph passages of the medullary portion, from the 
confluence of which the radicals of the vasa efferentia enclosed within the 
substance of the converging partitions are formed. 

From this woe eee that really independent lymphatic are Qo ww 
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body, manifested by inflammatory appearances and swellings of these 


organs. 

Thus we see that the lymphatic glands of man are Hable to vary much 
in structural appearance, which must be partly attributable, no doubt, to 
the metamorphoses accompanying increasing age. 

Among the latter may be reckoned the partial transformation of the 
connective-tissue framework into fat cells, and degeneration of the reticular 
connective substance into ordinary fibrous tissue, with consequent gradual 
obliteration of the whole organ. 

A third change observable in lymph nodes is true pigmentation. This 
affects principally the bronchial glands, and is almost invariably to Le 
met with after a certain age, though with varying degrees of intensity. 
It may be due to the irritation of inflammation in the pectoral organs. 
Small granules of melanin (p. 52) are formed by the gradual metamor- 
phosis of the colouring matter of the blood. But though this may be 
accepted as one source of black pigmentary molecules, the latter have a 
very different origin, most probably, in many other cases, ‘They are, 
namely, particles of carbon in a state of the most minute division, given 
off as soot from lamps, é&c., and inspired and conveyed from the lungs 
into the lymphatic glands (Knauf). But between these two kinds of 
molecules we are at present unable to distinguish with any certainty. 
They lie utterly without order, partly within the lymph corpuscles, and 
in peculiar lumpy masses, and partly in the ground-work of the septa and 
walls of the vessels, In some instances the follicles appear to be the 
parts most affected, in others the lymph tubes of the medulla, A slight 
amount of this “melanosis” communicates to the bronchial glands a 
mottled appearance, while strongly marked it may cause the whole organ 
to appear uniformly black. 

The effect on the lymphatic glands of inflammation of neighbouring 

is most evident. The meshes become narrower in the framework ; 
the bodies of the cells of the same become plump, their nuclei undergo 
division, while great distension of the capillaries is also ohserved,—in 
fact, the whole gland acquires more or less the appearance it presented at 
an earlier age. Later on the reticular framework may grow luxuriantly, 
the distinction between medulla and cortex ceases to be apparent, the 
lymphatic aystem of canals disappears, and the whole organ becomes in- 
capable of functionating. 
The derelopment of the lymphatic glands in the embryo, as well as 
their nature, was until quite recently entirely unknown. That their 
origin, together with the whole vascular system, was from the middle 
germinal plate, is all that was known about them. ‘This had been demon- 
strated years ago by Remak. The labours of Sertoli and Orth, however, 
have recently thrown some light upon the subject as regards these points. 
According to the interesting, but by no means exhaustive treatise of the 
first of these observers, there may be seen in the mesenteric glands of the 
ox, in the first place, a aystem of lymphatic canals at that spot where 
the connective-tissue nucleus or hilus-stroma of His is to be found. 
Around this system a quantity of connective-tissue, rich in lymph cor- 
puscles, is gradually developed, from which the cortical substance, in the 
first place, takes its rise, and then the lymph tubes of the medulla, The 
investing spaces and cavernous passages of the medulla make their 
appearance subsequently, as well as the capsule, septa, and retivulated 
tissue connected with the latter. 
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have seen it in the lymph-nodes (§ 223). The vascularity of these mucous 
follicles is liable to vary to a considerable extent. In somo of them, such 
as those of the conjunctiva, 
the capillaries only occur 
sparsely, in the form of 
very open interlacements ; 
while in other cases we ob- 
serve an extremely com- 
plex and delicate network, 
the tubes having, to a cer- 
tain extent, a radiating 
arrangement when viewed 
in transverse section. Fig. 
412, sketched from such 
a pre ion of one of 
Peyer's patches from the 
rabbit, will serve as an 
example of the latter form. 

These rounded follicles, 
sometimes spherical and at 
others vertically elongated, 
are situated either in the 
tissue of the mucous mem- 
brane itself, or when of 
considerable length, they 
project down into the sub- "Sot, aisrscralcatteastaah fearon wot 
mucosa, Their upper por- _ Werks 8, of the larger circular vesscls, 
tion [the cupola (fig. 414, d)] may be covered by a thin layer of mucous 
tissue [conjunctival follicle (fig. 415)], but may also advance so far for- 
wards as to be covered merely by an epithelial coating lying directly 
on the reticulated sustentacular tissue [tonsil Peyc’s follicles (fig. 
413) 

Dine middle equatorial region [* mesiul or equatorial zone” (fig. 414, e)] 
the follicle is connected to a greater or less extent with the adjacent parts ; 
sometimes with the neighbouring mucous tissue, which in that case pre- 
sents, for a certain distance, the same reticular chmacter, containing also 
lymph corpuscles, and at other points with abutting follicles, ‘Thus we 
see, for instance, in the yermiform appendix of the ubbit—a portion of 
the intestine consisting entirely of crowded oval follicles—that the latter 
are regularly united in the neighbourhood of their equator by bands of 
lymphoid tissue (fig. 412), whilst the whole lower half of the follicle (the 
Base) exhibits the same continuous investing space as in the lymph nodes. 
The analogy, however, is even more perfect than might be inferred at 
first sight, for careful observation teaches that here also a system of 
fibrous septa exists, which, springing from the submucosa, passes under 
the follicles, and sends up partitions perpendicularly between them, 
These spaces are even lined by the same characteristic endothelial cells, 
as those seen in the lymph nodes, according to Hix. 

Should these extensive investing spaces be absent, the follicles of cach 
group are usually united to one another by means of reticular lymphoid 
tissue. The latter, in contradistinction to that of which the follicle iteelf 
is composed, exhibits a much closer texture, so that under Une miexearoys 
it appears as a dense and non-transparent layer, Within which ‘he wore 
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‘These are the clements of the gland, the so-called granules or acini of the 
thymus. At first sight they remind us forcibly of lymphoid follicles. 
Under closer observation, however, important differences manifest them- 
selves, Externally, these acini of the thymus are separated from one 
another by deep indentations, whereas, internally, they become united, 
as many as fifty of them together, to form a medium-sized lobe—recall- 
ing to mind the state of things observed in the racemose glands. Then— 
and great stress must be laid upon this point—the thymus element appears 
hollow in its interior, and the cavities of the thick-walled acini of each 
lobe unite, as in the racemose glands, to form its common paseaga This 
then joins with similar canals belonging to other lobes, until, by a repeti- 
tion of the occurrence, the spiral central canal of each half of the organ is 
produced. 

Even in the walls of this common duct, bulgings or attached acini, or 
groups of the same, may be remarked, so that ite thickness varies at 
different points. 

As to the texture of the acinus, we find that the central cavity, occt- 
pying about }-} of the whole diameter, is bounded by a layer of soft 
tiasue. ‘This consists of an exceedingly dense network of stellate cells of 
reticular connective-tissue. Tho narrow meshes of this structure are occu- 
pied here, as in the lymphoid follicles, by an immense number of lymph 
corpuscles. A very delicate membrane, richly supplied with blood-veseels, 
covers its surface. ‘Ihe blood-vessels, farther, which traverse the follicular 
tissue, are also very numerous, and possess the well-known adventitia 
(§ 202). With the excoption of a few stronger twigs, these are for the 
most part capillaries of 0-0063-0:0068 mm. in diameter. Injection of 
these brings out their arrangement in the most instructive manner. 

From the larger vessels of the central band smaller twigs are given off 
to the lobuli. Here they eventually form (in the calf) delicate circular 
and arched groups of arterial and venous branches (tig. $17, a, 0) around 
the individual acini. Springing from these the capillaries are seen inter 
nally (¢) taking a convergent course, and forming a most exquisite net 
work ainid the lymphoid substance. Close to the central cavity they 
double on themselves (7) according to Hix 

In the thymus of the infant, though the arrangement of the capil- 
laries is the same, an exception is so far to be scen to this arrangement 
of parts, that while the vein courses along at the periphery of the acinus as 
in the calf, the artery and its system of finer tubes occupies the interior of 
the glandular tissue near the central cavity ina manner wholly different 

In the small meshes of the reticulum it has been asserted that numbers 
of free nuclei may be seen (fig. 416, «) suspended in an acid, viscid, 
albuminons fluid. The essential element is, however, beyond doubt a 
small nucleated lymphoid cell (4) measuring 0-0074 mm, in diameter. 
More rarely we meet with large cells of from 0-0046 to 0-0023 mm., 
containing several nuclei, from 2 to 8, Ecker mentions further, as » 
phenomenon of retrograde development, that a deposit of fat globules 
takes place (/) in many cells, which, as soon as the organ is on the 
decline, run together to form one lange drop, filling the whole body of the 
elements in question (¢,/). He states, besides, that in older cells he has 
not unfrequently observed an absence of nuclei (/). 

But there are other structures to be met with here which are by no 
means connected with the involution of the thymus; theee are the s0- 
called concentric bodies, 
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the interior of the organ its own individuality as regards its ramifications. 
Soon after there commences a most extensive division and subdivision of 
the vessels, until, finally, the 
latter, greatly diminished in 
size, form a series of terminal 
groups, which have been long 
compared to the hairs of apaint- 
brush. But a more appropriate 
comparison has been maide be- 
tween these “ Penicilli” and 
the branches of a willow tree 
divested of ite leaves. Fig. 
418 gives a tolerable represen- 
tation of the arrangement re- 
ferred to. 

Drawing such a branch out 
of the tissue of the spleen, we 
may recognise on it the follicles 
of which we have been speak- 
ing. They are of a whitish 
colour, and hang on the fine 
arterial twigs like grapes on 
their stalk. They are either 
Pectin De ROAD LTE SM Stace or he latins toneors 

sivas artery, or the veree 
Seen RES ENS their interior ; or, finally, the 
angles of division of such a series of branches may be surrounded by 
numbers of them for a considerable distance. In form they are some 
times spheroidal, sometimes more or less elongated. 

Such spleen corpuscles are to be found in all the mammalia, although 
presenting much variety. In the human organ, however, they are les 
distinct as a rule than elsewhere; and in bodies which have sutfered from 
protracted illnesses they were formerly supposed not to exist, while in 
those in which death had occurred suddenly they were said to be always 
recognisable, even without the microscope ; as also in youthful corpees 
(con Heating). For this reason they were looked upon even years ago 
as integrant portions of the human spleen. 

If wo follow up tho disposal of the vessels commencing at the 
hilus, we soon remark that it is liable to vary greatly in different animala 
The sheaths of these tubes also are no less subject to variation. Though 
very imperfectly developed in the Guinea pig, rabbit, squirrel, and ma 
mot, they attain a high degree of development in other animals, as, for 
instance, in the dog and cat. There the arteries enter the spleen in 
several branches, each of the latter accompanied by a vein and one or 
two nerves. Both artery and vein while passing in receive a sheath, but 
not in the same way. ‘Around the artery the latter is loose, and oaly 
runs for a short distance unchanged, undergoing rapidly a peculisr 
lymphoid transformation. The vein, on the contrary, is accompanied for 
a much greater distance by a tight investment, closely united to its wall 
On the smaller venous twigs the latter resolves itself into a few bands of 
connective-tissue, which sink into the septa of the spleen. Deviations 
from this general plan are to be seen in the ruminants and the pig. 

In man the arteries and veins arrive in the spleen, already divided into 
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‘The thyroid is found to be made up of closed vesicles of roundish 
fppesh ab fal sigh, ike closly grouped granules of O'S6U11°1279 

ab! ight, lil ly grouped gram 41—1+ mm. 

in diameter, rounded or flat, and of a reddish.yellow colour. They aro 


in small lobules, and these in larger lobes, the considera- 
of which we leave for descriptive anatomy. 
is made up of ordinary fibrillated connective-tissuo of toler- 
mixed with elastic elements, Tho gland vesicles, 
mim, in diameter, possess a limiting membrane formed of 
delicate homogenoous connective-tissue, which is enveloped exter- 
round network of capillaries. The latter of a diameter of 
72-0'0115 mm. in tho dog, and 0°0088-0°0115 and 00114 mm. 
calf, in meshes of an average breadth of 00201-0:0226 
‘Their ii surface (fig. 426, a, 6) is clothed with low eylin- 
calls about 00196 mm. in height and 0:0113 mm. in breadth. 
resemble epithelium, and contain nuclei of about 00086 in diameter 
cols very easily from the walls in conse- 
position, and on their solution the nuclei become freee 
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Those interstices are likewise occupied by naked cells, with beautiful 
vesicular nuclei and finely granular 
Fatty molecules are present, however, in 
this case in but small quantity. The 
dimensions of the cells tool }-0-0350 
Taran pane mea pggrenemen 
to softness, accom 
sanders themselves one toanother, From 


peep ttt 


i 


to hivk no true capillaries, and 

ial capillaries become larger, and 

her of vessels of considerable calibre, ‘These, 
acute angles, maintaining, as a 

cortex. ‘Thus the sebols of 

great extent, by an uncommonly 
measuring (0200-00293 

jem of 0:0200-0°0345 mm. 


i 


Mair 


surmised 
system. ‘The final termination of the nerves is still unknown, 
jion often appears to be utterly devoid of nerve files. 











ORGANS OF THE BODY. 447 


Behind the canal the glandular tissue 
assumes a somewhat different character. Here we remark, besides, a 


The pituitary body is richly supplied with interlacing capillaries, 
00050 mm. in diameter, the anterior portion being most vascular 
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passages has been given by Schulze (fig 431, b; 432, c). They are sub- 
divided again at acute angles, and end finally in peculiar dilatations (431, 
4; 432, a), These are the so-called primary pulmonary lubules. ‘They 
are of short conical figure, and have received from Jtossignol the name of 
infundibula. 

These primary lobuli correspond, to a certain extent, with the prim 
lobules of the racemose glands, and are like them made up of ferminet 
vesicles, as a rule roundish, but polyhedral when strongly distended. 
They are always met with on the surface of the organ in this form. 

There is, however, a difference between the two. While the saccules, 
namely, of every genuine racemose gland remain moro or less distinct 
from one another, the analogous parts of the respiratory organs, to which 
the names air celle, pulmonary vesicles, ulvevli, or Mulpighiun celle, have 
been given, are far less isolated. ‘They appear to be rather saccular 
dilatations in the walls of the primary lobules, in which no further 
canals are to be discovered, all the alveoli, on the contrary, opening 





Fig. 433.—Transverse section through the substance of the lung of a child of nine months 
(after Ecker). 0, a number of air vesicles enveloped in elastic fibrous networks which, 
together with a thin atructareless membrane, form the walls of the same; d, a portion 
ofthe eaplilary network of the part, with ita tendril-like tubes projecting into the 
cavities of the alveoli; ¢, remains of epithelium, 


directly into a common cavity. In the adult body, moreover, absorption 
of the walls between the several air cells of an infundibulum may take 
place (Adriuni). 

The side walls of the alveolar passages are also thickly covered with 
numbers of similar pulmonary vesicles (fig. 431, ¢, c). 

In sections of pulmonary tissue (fig. 433) the more or less round or 
oval form of the vesicles may be recognised in the open spaces of varying 
size brought into view (b), agreeable to the description just given, 

The diameter of tho alveoli is generally stated as ranging between 
0-1128 and 03760 mm. Their great elasticity admits, of course, during 
life, of their dilatation to a great degree, so that, as we would expect, the 
vesicles are, at the end of inspiration, much larger than uring exymiion. 
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smoke, and loaded with soot, it is found in large quantities, it was 
inferred that the true origin of the pigmentation must lie in the inspira- 
tion of particles of carbonaceous matter. This view seems to be confirmed, 
farther, by observations made on the organs of those engaged in occupa- 
tions which necessitate their breathing an air charged with supended dust 
of various kinds, as, for instance, those of coal miners, whose lungs may 
be found to be perfectly black. It was also discovered that large frag- 
ments of wood charcoal often make their way into the air vesicles, and 
that the lungs of animals, when confined in sooty chambers, become quite 
black (Knauf). ‘That a deposit of genuine melanin, however, does 
also take place in the lungs and air passages, as well as in the bronchial 
glands, is beyond doubt, but we are unfortunately unable as yet to dis- 
tinguish between the two kinds of particles. 

BRemanxs.—A distinction between ‘‘anthrakosis” and ‘ mclanosis” of the respirn- 
tory organs may be made. The cells which we have given in fig. 95, frequent con- 
stituents of the spute, are in many instances genuine melanin cells; but in other 
cases which may be set down as more the rule, the contractile body of the cell has 
taken up fine carbonaceous particles from without. We must confess, however, that 
the deposit of these matters in the interstitial connective-tissue of the lung and 
parenchyma of the bronchial glands is still a subject of great obscurity. 

§ 242. 

There now remain for our consideration but a few more structural 
relations in dealing with the lung. There are the arrangement of ite 
blood and lymphatic vessels, epithelium of the air vesicles, nerves, and 
serous covering. 

The blood-vessels of the organ receive their blood, as is well known, 
from two sources: firstly, from the bronchial; seconily, from the pul- 
monary arteries. The first of these serve the subordinate purpose of yield- 
ing nourishment to the tissue of the organ ; the second are set apart for the 
requirements of respiration. The distinc- , 
tion between the two, however, is by nu 
ineans sharp. 

The arteria pulmonalis divides and sub- 
divides, following the ramifications of the 
bronchi, and arrives thus with its twigs 
between the lobuli. Here a further split- 
ting up occars until very fine tubes are 
formed, which penetrate into the elastic 
band-work between the pulmonary vesicles 
(fig. 434), often sub-dividing still further in 
their course here. At the same time, the 
most extensive anastomosis takes place, 80 
that imperfect or even complete rings are 
formed (b). From these a multitude of 
capillary tubes is given off to form the  F& 424—The reepratory capillary net, 
reapiratory capillary network, which clothes after Gerlach's method. b, the end 
the walle of tho airvesicles, only separated branches of the area Fulmonats 
from the atmospheric air by the most «leli- Pulmonary vesicles; o, the cepllary 
cate membrane. s 

This network («) is remarkable for the great regularity and sinall size 
of its meshes, It may be reckoned among the densest, as also the most 
regular occurring in the body. The peculiar form of its wide capillaries 
ja also striking. The «iameter of the latter is about 0-0056-VO1N3 wr.8., 
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bably only receive the blood returning from the thick walls of the larger 
bronchi, and from the lymphatic glands and pleura around the root of 
the organ. The finer and internal venous radicals, on the other hand, 
coming from the smaller divisions of the air passages, and which corre- 
spond to the distribution of the bronchial arteries, empty themselves into 
the branches of the pulmonary veins. 

Lymphatics, as has long been known, are present in the lungs in con- 
siderable number. They may bo divided into two classes: into super- 
ficial (arranged in retiform interlacements immediately under the serous 
covering of the organ); and into deep, which may be traced outwards 
along the air passages into the bronchial glands. oth of theso seta of 
vessels communicate freely, however, with one another. 

Not long since Wy:odzoff was fortunate enough to succeed in injecting 
the radicals of the lymphatics in the walls of the alveoli in the lungs of 
the dog and horse, and Sokorsiy also in the first named animal and in 
the cat. In these walls are found lacuna, which are entarzed opposite 
the meshes of the capillaries, ‘They 
cross the capillaries, without, how- 
ever, forming sheaths of any kind 
around them. Soon after, however, 
the lymphatic canals as they pass 
away commence to occupy the adven- 
titia of the blood-vessels, 

We now come to the consitera- 
tion of the epithelium of the air- 
cells—still a subject of controversy, 
and which has been recently the 
object of the most carnest investiza- 
tion, 

Turning then, in the first place, to 
the lung of the frog, we find the 
arrangement of parts of the simplest 
kind (fig. 436). ‘The whole respiratory portion of the organ is lined 
with a single continuous layer of Hatten nucleated epith . 

But the lungs of the mammalia and man present greater difficulties, 

Here we must first study the structure of the parts at an early period 
of existence, if we would understand. 
it in the adult body. 

In the mammal fa:tus we likewise 
find a continuous epithelium lining 
both pulmonary vesicles and alveolar 
passages, and entirely the same in 
both. Its elements are flat polyhed- 
ral cells, with nucleus and protoplastn. 

After birth, however, several 
changes become rapidly apparent, 
consequent upon the commencement 
of respiration. Only a small portion 
of the epithelium preserves its former 
character. Over the projections of 
the capillaries, and all other promin- 
ences, we can find much larger pale celis without protoplasm oF nucleus 
in many cases, 








A portion of ata rel fron: the 
of a frog. 
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the mouth. In this substance are to be found globular groups of fat 
cells and the bodies of mucous glands. 

The last named organs (fig. 442) present themselves in large numbers 
in the mucous membrane of the mouth. They measure in diameter from 
4°5 and 2-3 down to 0°5640 mm., or even lower, and are usually situated 
in a row underneath the true mucosa, where they may be so closely 








Fig. 441—Epitheltal celts from Fig. #42.—Racemose mucous glands 
the most anperficial layers of {rom man (so-called palatal glands). 
‘the mucous membrane of the 
buman mouth. 


crowded as to form a regular special glandular stratum. From this their 
short and more or less straight ducts penetrate the mucous membrane, 
and open on the surface. ‘Their structure is as elsewhere: for which 
see sections 198 and 197. 

In certain localities these little glands, which play an important part 
in the production of the mucus of the mouth, are particularly numerous, 
and then receive special names, Such are the /ubiul, huccul, and palatal. 
The first of these, which are very numerous, form, at some little distance 
from the red margin of the lip, a regular group. They are most 
numerous in the under lip (Klein). Their cells usually present them- 
selves in the form of numerous low, clear, columnar clements, but slightly 
coloured by carmine, as was very correctly described by Puky Akos. 
According to Heidenhain, however, there occur also (in man and the rab- 
bit) other smaller elements, richer in protoplasm, from the transformation 
of which the first take their rise. The little palatal glands, likewise, are 
arranged in a thick pad under the mucous membrane of the soft palate. 

The rascularity of the mucous membrane of the mouth is very great, 
the capillaries forming a close network. In the papille we encounter 
either a single loop or congeries of vessels (fig. 440). We are still to a 
great extent in the dark as to the /ymphatics. So much is known, how- 
ever, that they interlace along the lips, the inner surface of the cheeks 
and the tongue, and covering the glands of the mouth, form interlace- 
ments, which communicate with the vessels of adjacent parts (Teichmann). 
The final distribution of the nerves of the mouth is a point on which 
even less is known. Krause observed end-bulbs upon them (§ 184), in 
the furrows of the mucous membrane on the floor of the mouth, near the 
tongue, in the soft palate, and in the tissue of the membrane, at the edgo 
of the red margin of the lips, but not always in the papill. | Evin states, 
on the other hand, that both in the hard and soft palate of the rabbit, 
fine nerve filaments penetrate into the epithelium, and (§ 245) terminate 
in ramifying cellular bodies (§ 187). 
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‘We have already referred (p. 350, fig, 339) toa notwork of fine 
scoroting or canaliculi, which have met with in the acini of 
Taeemose 


a 


tissue reticulum (. dee 
cal bar to say to these secretion tu’ or 
cells of the membrana propria, are points which 
aearfsiveat’ pat 


the exeretory duct are made up of connective-tissue. A 
muscular difficult of recognition, has been stated by 
occur here; these have not, however, been found by others 

The epithelial lining consists of « single layer of 

in whose bodies we may recognise distinct and per- 
markings (Pyliiger) underneath the nucleus. 

tworks are, as in most racemose glands, round. The 

loosely about the lular vesicles, while their tubes of 
overilow accompany ramifications of the ducts 


i 
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a 
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§ 246, 

The saliva, 28 found in the human mouth, ia a very complex mixture 
of the secretions of different organs connected with that cavity. In the 
first place of the matters produced by the numerous little mucous glands 

ly described § 244, then of those secreted by the parotid submaxillary 
and ents Under certain circumstances, Ro the secretions 


microscope this fluid is found to contain cast-off epithelium, 

gland cells which have been washed out of their original 
trl As 6 third and never absent element, we meet with great 
bers of what have been named ealfeury corpwseles (mucous 


HEE 


ys regarded as of the ordi mie ake 
when Bra cae fran the th 


ory. 
chemical analysis of the secretion, we find that it con- 
ten parts per 1000 of solid constituents, Among 
most important is a ferment combined with alka- 


‘tt 


is probably present (1) 
_and combinations of the iy ae with the ‘ibalien itiee has also 
found as an abnormal or pathological constituent. The inorganic 
compounds are Chlorides of the alkalies, small quantities of phosphates of 
the tikalies and earths, carbonates, some oxide of iron, and besides,—at 
east in eat nae of potassium (comp. § 38). We insert hers 


aa a anon of its quantitative composition. 
Tintin oy a healthy man 


. ‘ : : ~ 99610 

hire constituents, en es Ty a eee, 
mand mucus, . ” -; 3 . 213 

. 5 07 

Muein and tren “ stehaile extrct, . os te 


219 
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Sens all quantities of 1 
iti geste gettin se ol a ae. 
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bee § 248. 

While the mucous membrane on the under surface of the tongue is 
quite smooth and destitute of papillw, the dorsum of the organ is covered 
from the foramen cecum to the tip with innumerable gustatory papilla. 
Of these, as is well known, there are three species, although between each 
kind there exist a number of intermediate forms. These three species 
are named respectively the filiform, fungifurm, and cireumcullate. 

The papille filiformes, 2, conice (tig. 446), are found in by far the 
greatest number of all. They consist of a conical base bearing on its 
apex a number of thin pointed papillw, the whole presenting a tufted 
appearance. The number of the latter varies from 5 to 15 and upwards, 
The point most worthy of note here is the high degree of development to 
which the epithelial layer may attain. Very horny in texture, it presents 
itself in long filiform and frequently bitid shreds on the end of the 
papillse, causing the latter to appear considerably increased in length. 
Together with these, examples of the same kind of papille are met with 
whose epithelial covering is very delicate. 

The vascular supply consists 
of single capillary loops for 
each of the conical papillie, 
with one arterial and one 
venous twig for each group. 
The mode of termination of 
the nerves is not yet ascer- 
tained. The papilla are most 
strongly developed along the 
middle of the dorsum of the 
tongue, decreasing in size near 
the edes and tip. In these 
situations they are in many in- 
stances arranged in rows, en- 
veloped in a common sheath 
of epithelium. 

The second form, the pa- 
pille fungiformes, 8. clavate 
(fig. 447), are found scattered 
over the whole surface of 
the tongue among the latter 
variety, but most numerous 
towards the tip. They are 
remarkable for their thick coni- 
eal form and smooth surface, 
and absence of tufts, together 
with diminution in the thick- 
ness of their epithelial coat. gig, 44,—tmo form pape from man, the one (p 
They are elevated above the left) with, the other (p. right) withont epithelium. 
surface of the tongue with a chuec 7: vascular portion of the papi, with ite 
somewhat constricted neck,and revit twig'a, and vein s, Copied from odd and 
terminate above in round and g ' 
blunted bulbs, The whole surface of tho latter (A) is studded with 
numerous conical accessory papillie (p), which are covered again by 


the epithelial coating of the tongue (A, v, B, e). In this species Ye 
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still more so the submucous tissue, is very abundantly supplied with 
absorbent canals, while the muscular substance is only traversed by 
regular vessels. In the roote also of the filiform papille is to be found 6 
capillary network, from which cecal prolongations are sent off into the 
papille themselves. 

e development of the tongue in the embryo commences as early as 
the sixth week of intrauterine life, in the form of a thick ridge, which 
seems subsequently to become stationary as regards its growth, The 
papille are said to be rudimentarily formed in the third month. 

Rewanxe.—1. Compare Todd and Bowman, vol. i. p. 437-2. Much variety is to 
be seen in the form of the filiform papille. It is not uncommon also to meet with a 
ieee ike fangus, the Irplothriz buccalis, in great quantity among and upon these 

re. 


$249. 

Behind the foramen cacum the mucous membrane presents to the 
unaided eye a more or less smooth appearance. Here the laminated 
epithelial stratum merely covers a series of small simple papille, each 
supplied by a single vascular loop. 

this locality a number of different varieties of secreting organs make 
their appearance. In the first place, even anterior to the foramen cecum, 
small scattered mucous glands present themselves, which form more 
posteriorly under the circumvallate papillz, and towards the root of the 
tongue a thick continuous glandular layer. 

On the under surface of the tongue also, ncar its tip, are to be found 
two other racemose glandular masses of considerable magnitude, These 
empty themselves by several ducts at either side of the frenum (Blandin, 
Nuhn). Their functions are, however, still unknown. 

From the posterior fourth of the tongue on, finally, the tissue of the 
mucous membrane, commences to undergo at points a /ymphoid metamor- 
phosis. This may be absent in many mammals, but attains in others, 
on the other hand, as for instance in the pig, a high degree of develop- 
ment. In the latter animal this process may advance to the formation of 
follicles in the larger papille imbedded in a densely reticulated connec- 
tive substance (Schmidt). 

This metamorphosis of the mucous tissue (by which the pharynx also 
may be affected) leads, as it advances, to the formation of larger and more 
sharply defined lymphoid organs, varying greatly as regards distribution 
and structure. They are largely met with among the mammals, and are 
not abeent in man. 

Among these may be numbered the lingual follicles or follicular glands 
of the mouth, the funsils, and, at the top of the pharynx, the pharyngeal 
tonsils, structures discovered some years ago by Koelliker. 

The lingual follicles (fig. 449) occur in man sometimes scattered, some- 
times crowded, upon the posterior portion of the dorsum of the tongue, 
from the circumvallate papille down to the root of the epiglottis, and 
from one tonsil across to the other. They consist of a depression of 
a greater or less depth (35 mm. and upwards), implicating the whole of 
the mucous membrane, so that, beside flattened epithelium, accessory 
papilla may also exist within the reduplicated portion. 

Each crypt or depression is enveloped in a thick stratum of reticular 
connective substance, entangled in which innumerable lymphoid cells are 
to be found. This stratum extends to immediately beneath the epithelial 
tunic. In it, and distinguished by their looser and wide methed treme 





‘variety of cells 
‘tho whole of 


strongly laminated epithelium. In the upper acto the 
numbers of isolated bundles of vertically arranged con- 

are soattered through it, and lower down a continuous 
maucosm presents itself, occupying the deeper 


Fig. 452 —Civphageal glands from the human subject. 

portion of the membrane (oclliker, Henle, Klein). Tho latter (at least in 

the new-born child) is formed of distinct lymphoid tissue (Ktein), 
The ome of the asophagus (fig. 452 and 453) occurring, it would 
apes, yarying numbers, sometimes scanty, sometimes abundant, are 
the small meomose species, two or threo of their excretory ducts 
to form one common canal, At the extreme end of 
about the cardiac opening, are to be found stall 


not quite down to the sub- — 
sania) glanda ‘of Cobelli, > 


Pig, SORA ual racerone 
The { on 
iefoaere rte tener to itt fs thie phieyre 
§ 251. 
to the description of the stomach (cenfricwlws), which, 


case 
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(1.) The first is the entrance portion; sometimes deep, sometimes 
yw, in one instance wide, another very narrow. ‘This is the 
“ stomach cell” of English writers, the “ Magengriibchen” of the Germans. 
‘This depression is lined with the ordinary slender columnar epithelium 
of the surface of the stomach. The nucleus lies far down in the cells, 
and is of elongated oval figure (fig. 461, a). 
(2.) The eecond is the undermost portion of the stomach cell, or, if we 
prefer a term made use of by Rollett, the “inner intermediate portion 
of the peptic gland.” Here (4) the cells, without departing from their 





. 460.—A compound peptic gland from the Fig, 461A peptic gland from 
tae ‘wide entrance (“stomach cell”) Uned the cat view. ay 
columnar caitel 8, division; «, the “stomach ry , inners 6 
tubules lined with peptte cells: pro intermediate portion; 
raslon of the contents of the pope focle 2 aoithe land. tubule with ite 
‘The opening, a, in the transverse section 3. two kinds of cells, 
‘Transverse section through theseveral glands, 


epithelial character, are broader, lower, and more granular. The nucleus, 
a round structure, takes up about half the height of the cell, The lumen 
of this Fart is os is mal tee strikingly narrowed. 

(3) now is the “outer intermediate portion” of 
Rollett (c). 1 coi of a continuous layer of peptic cells. Exter- 
nally these are in contact with the membrana propria, and internally 
they bound the axial canal. We have not been able to ind wy 
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§ 252. 


464) are the gastric mucows glands 
(Retin, ‘They have since been recog- 
nied a8 occurring widely in the 
stomachs of the mammalia, and may be met 


They i 

wone in the pitnotee! et the pylorus 
in man aleo, but in the form of compound 
ews (Koolliker). 

Very accurate observations have lately 
made by Kistefn on the stomach of the 
Here the ern columnar pnlihe: 
surface of the stomach is con- 
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nature. It has beon held at different times to be either luctic or hydro- 
chloric, without taking into account a number of other ill-founded 
theories, The matter has been at last set at rest, however, by C. Schmidt, 
in favour of the latter view. Lactic, acetic, and butyric acids may, 
however, be present as decomposition products, the first being indeed 
a very frequent constituent of gastric juice. 0°02 per cent. of hydro- 
chloric acid was discovered by Schmidt in the gastric juice of a female, 
and 0-305 per cent. by Bidder in that of the dog. 

The ferment found in the gastric juice is known as pepsin. It was 
many years ago made the object of very extended investigation by 
Schtcann and Wasman, and since then by many other observers, but can 
hardly be said to have ever been obtained completely pure. Its propor- 
tion generally amounts to about, on an average, 1 per cent. Bidder and 
Schmidt's analyses give 1°75 for the dog. 0°42 for the sheep, and for man 
only 0°319 per cent. At present but little is known of pepsin as about 
all the other fermenting substances of the animal economy. We aro 
aware, indeed, that it occurs in a soluble forin, is precipitated by alcohol 
without losing its digestive power on subsequent re-solution in water, 
whilst elevation of temperature above 60° C. destroys this for ever. This 
pepein, as has been shown by Frericha, is the granular matter seen in 
the contents of the peptic glands. It appears to possess almost unlimited 
digestive properties in the presence of an adequate amount of dilute acid, 
20 that there seems to be an inexhaustible store of it in the mucous 
membrane of the stomach. 

The mineral constituents of the gastric juice are, chlorides of the 
alkalies, phosphatic earths, and phosphate of iron (Bidder and Schmidt). 
Among the first we find a great preponderance of common salt, and 
besides chlorides of potassium, of calcium, and of ammonium also. We 
shall take an analysis by the two last named observers as an example of 
the proportions of the various salts. The percentage in the gastric juice 
of the dog was as follows: Chloride of sodium, 0°251; of calcium, 0°062; 
of potassium, 0°113; of ammonium, 0:047; phosphate of magnesium, 
0023 ; of calcium, 0°173 ; of iron, 0-008. 

Just as the peptic cell is able to produce pepsin from an albuminous 
substance, so also does it yield hydrochloric acid by the splitting up 
possibly of the chlorides. ‘This process, however, is probably carried on 
only at the undermost portion of the gland tubule, i.c., near the orifice 
(Brick), the source of the watery fluid with its salts being the long- 
meshed capillary network of the peptic glands, 

The amount of gastric juice poured out is naturally very variable, 
owing to the periodical nature of the functions of the stomach, and 
therefore necessarily difficult to determine. It is stated by Bidder and 
Schmidt to be at all events very considerable. A dog of about a 
kilogramme weight produces, in the course of u day, about 100 grammes, 
with extremes in both directions, Scimidt estimated the amount 
secreted hourly in the body of a woman at the enormously high figure 
of 580 grammes. 

The use of this fluid is to dissolve the albuminons matters taken into 
the stomach, and to-convert them into peptones, i.c., modifications of 
these substances which neither coagulate at boiling point or under the 
action of mineral acids, nor combine with metallic salts to form insoluble 
compounds (Lehmann). They transude, on the other hand, with great 
readiness through animal membranes, a property of the aim Amyor 
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a complete zono jot 
aoe. cS of 
from 0-23 to 2 mm. The 


Sart The care round, 
or even tabular,and measure 
from 0°0564 to0-1421 mm. The ox- 
Ct Sapa of these glands, con- 

in calibre (fig. 477), ascend 
obliquely upwards, slightly bent, dis- 

their contents at the base of 


Fig. 426 —Very sewder vitins from the intestine 
of a kid, Killed while eiygaged in. digwetion 
INerae epithelium, and aliowtng Mh 


@ species of cella, ent yensel In yl contre Blk 
elements, whose nuclees is situated low down in the body, 
are but very slightly coloured by carmine. ell are unlike 

of the follicles of Lielerkithn soon to be describe 


EO Propen’s thant trove Sin Geo tere oy, Vill hediies of glenda; 
& exeretory canals openiig between the villi, 


_ That mme network of extremely delicate gland seman we have 
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‘The contents of these crypts, unlike those of Brunner’s glands, consist of 
delicate columnar nucleated cells, with widened 
tase, which rest on the membrana propria, 
‘Those, together with the open axial canal, may 
soon in every transverse section (fig. 470, 
Saag pre themed © 
may present ves, a 
note, 
prepsrations (fig. opt eae 
a 
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He 


Fe 
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i 
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— ie in toroegh the en- 
tal t those points at which 
ji are very crowded, the orifices of these free ton Smug axl bonerta ae 
of Licbekiihnenrround their basesin rings,“ 
§ 256, 

‘We now turn, finally, to the ponies folticles of the small intestine, 
‘These occur with frequency here than in the stomach, which fact 
is explained by the greater similarity of their 
tissue to that of the mucosa of the small in- 
festine As hog been already mentioned, 

met with scattered 
of the small intestine 


a 
F 


very unequal size, 


from 0-2 to 0-4 feat 22mm. In ng. 46t—Ono of Moe's glands from 

Some subjects they are very scantily repre- the ratbie, 

sented, or even entirely absent, ae in Aes cases they appear in mul- 

titudes. In sitaation and structure the; md with the agminated 
boundary. At asa 


of these follicles it is that Peyer's patches or plagues 
#81, 489, yore pa plag 


ore made up of from 3 to 7 
follicles only, but more fre- 

ly of from 20 to 30, 
fan thoy may 
contain up to 50 or 60 of 
the latter. 
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‘this submucous plexus is connected with tho remarkable 
lexus myenteriewa of Auerbach, The latter, with 
ramifications, but more minute ganglin, is situated 

internal transverse and external longitudinal muscular tunic 


cepeettteT 


Mig. 447—A ranslion from the submucros tama of 
juman infant a nervous knot; 0, radialing twigs; ¢, 
‘capillary network. 


arrangement of the vessels of tho intestine. 
the latter, x few small twigs are given off 


“Fig. 68 —Vvoma tho small Intestine of the pendent, with te 
= ‘eogling Kes tng and argo pba ene 
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a ‘usual well-known capillary network with dong, 








ORGANS OF THE BODY. 


‘Yillus, at other times so difficult of detection, becomes dis- 
‘Yisiblo, as has boen already mentioned. The concluding phase of 
‘is espocially instructivo ; here we seo the columnar epithe- 


is still full (fig. 476, p. 487). 
this is the true course of the process may be confirmed hy artificial 


of the chyle or lacteal system (fig. 489) are easily recog- 
villi of the gut as blind canals, which in our opinion (in 
sup by Teichmann and His), are not continuous with 
tissue of the villus. According to the form of the latter, they 
mselves either single (a2) or donble (4), or even in yroater 
In the last case we cither find a looped communication 
in the apices of the villi, or the vessels end separately. 
roots of the villi we not unfrequently encounter transverse 
‘ing branches. 


through the former between the follicles of Lieberinitkn, 
or subsequent to the formation of a superficial horizontal 


e 
Pre: 


Tig! Ho Vertical ection of the human lum. o, ving, wits one chiyle canal: b, gaother 


‘with two; ¢, another with three; d, alsorbent canals ta the rwucoos room! 
network, which lies at the bases of the villi, and encircles with its meshes 


may be 
or small, as in man and the calf. They accompan: 

here, and in some cases form sheaths around the 

J much variety is met with among them, 

the thickness of the mucous membrane and species of animal 
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escape of the chyle, as Awerbach correct 
daring the peristaltic action of the bowel, also, tho latter fal 
‘on this account to give way to the pressure in many directions. 
conclusion, we haye only to state, as regards the development of the 
in man the villi make their appearance in the third 
intre-nterine life. They are then apparent as wart-like excres- 
Further, we would point to the fact, that the crypts of Lieberkitha, 
the gastric tubuli, are present from the commencement as pits in 
the follicular structure of Peyer's glands is apparent 
The cells of the intestinal mucous membrane, 
follicles, contain glycogen in the footus (Rouget), 


§ 259. 


membrane of tho colon corresponds in most essential 
with that of the small bowel, except that it is quite destitute 
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Fig. 402 —Tutular gland fram the colon of a Guinea- 
ple. a eee aed 
Couaping Murvugh a feat ia the latter, 
lages the villi, Its substratum, also, is far poorer 
t of the sinall intestino, 


consists of columnar cells 

to those of the ileum, but lacking pores 

bat slightly thickened border. Goblot 
‘are also met with here (Schulze). 

muscular tunic resembles that of the 
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meana attain the same degree of development as those of the small intes- 
ereteeeeeaets tis hese ore 


the columnar epithelium suddenly ceases, where the 
commence, with a sharply defined line of eeparation, 

ination of the gut below, a certain admixture of 

striped. meee herrea itself among the unstriated 


He 


ix soon in 
development of the mucous membrane of the eolon is tho 
the mucosa of the stomach (Koelliker), 


$260. 


ty 


nearly 2°5 per 
‘carbonate of sodium. Tae Net or baa tian waa 
nor boiled albumen are acted on by it, Moreover, it is said 
iter to couvert starch into grape sugar, not to desompode the next 
eee Ngee by Bichhorst, a8 regards the secretion of 
the mall intestine. The amount of this fluid poured out appears to be 


of the tubular glands of the intestine has also 
Dub yuention tpeeadit tasting tak ous an, 


$261. 


, to which we now turn, exhibits, as regards its struct 
ssimnilarit So ihesel aes ita yeedlon a soneaaey 
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food into the stomach, it is of a red colour, In this condition bright 
searlet blood flows from peu the orgun, while in the inactive atate 
id or panervatic juice (euceus pancreatic) haa 
animal. So cuales Vis ® strongly 

, while that collected from a permanent 
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an 
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497.—4}land tubules from the of the rabbit, after 
a, strong excretory canal; 6, the same of an acinusy 
great extent 6 delicate capillary passages between the cells, 
$0 that calculations as to the amount produced daily are 
considerably. 
essential constituents of the fluid consist, in the first place, 
albuminoid substanee, which separates, in a gelatinous form on cool- 
‘freezing point, from the thicker kind of pancreatic juice, but 
fluid; then, again, of a ferment occurring in both 
converts starch very rapidly into grape sugar. 
has pointed out, there is present in the first modifi- 
of the faid another ferment which digests albumen, and whose 
vill neutralisation, or even weak acidulation of the 
, there is a third fermenting substance, which 
position of the fats already mentioned. The 
to produced in the albuminates is gt eat interest, 
an 


albumen 


i: 


fel; 
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of the gaping even 
‘the fact. the veins of the liver do not possess 
hepatic circulation may be just ax easily injected from 


§ 204. 
we have only discussed thoze points of structural arran; of 
whieh are recognisable, ise may be therefore Saeyres 
ditions to histolovical i 
Far different is it now, however, when auto to deal with questions 
of the sustentacular substance of the interior of tho 
relations of the veins to the finest biliary ducts, as well 
radicles of the lymphatic system in the 


two networks—that formed by the intersection 
and that of tho circulation—are closely inter- 
many suppose that the hepatic cells are simply 
of the capillary network. 
if very fine sections of a properly hardened liver be caro- 
ith a nanae hai 


fap 
z 


i 


there 
hepatic 


whieh sepanite the rows of 
Paes Tse alee 


wie 
=k 
sap ry 
of the 


taeular tiswe from the liver of 
ernest. with 


membranous structure may be seen at 

One of its layers corresponda to the walls of 

@ instances has been reeolved into those vaseular 

(Eberth). Its other lamina, on the other hand, 

cells ag they intersect each other. 

to be beyond doubt that a thin homogeneous 

ve-substance envelopes the various rows of 
often of the most extreme delicacy, but may 
ive ease to be continuous at the periphery of eacl 
ive-tisane, i 

for membrana propria of the 

it Pros indubitably bow second and 

which appear at an in 

of connective-tissue corpuscles, frequently 











when we ascend to birds, that we meet with a higher deye- 
of this system of lateral branches, 
those on the other hand, which have been hitherto 
of research, it is in many cases found in an ex! 
ent in the form of that exceedingly complex netw 
capillaries, represented in fig 503. Here the surface of each 
cell comes in contact with one or more biliary ducts. But even 


while higher up the scale the ra 
re 

we are inqui nature icate 
wall of the biliary duct ? 

‘The cuticular border of the epithelial colls in the terminal ramifications 
of the bile ducts, is pointed out by Aderth as its probable source. Just as 
the cell secretion or cuticular formation becomes thickenod and perforated 
Dy pores towards the larger branches, as already mentioned (§ 92), 60 
ere nee mpc the Lies forego Ker dlarretl 

eventually the walls of the biliary capillaries at the points of con- 
hippo : * 


marked by beautifully regular folds, and is covered by the 
‘same coating of nucleated columnar cells met with in the small intestine, 
’ ars also endowed with the same power of absorbing fats as 
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they merge, either as distinct vessels or interlobular lacune, into a very 
remarkable network of lymphatic passages, traversing the whole lobule in 
every direction. Every blood capillary, namely, is ensheathed in a lymph 
stream, whose external boundary is without doubt formed by the delicate 
fibrous sustentacular membrane of the hepatic cell bands; so that each 
of the calls of such a band bounds, with a portion of its surface, the inter- 
lobular lymph stream. We are indebted to MacGillavry for the discovery 
of these perivascular lymphatic spaces (§ 207). These facts we have 
confirmed by personal observations, and Biesiadecky has recently succeeded 
in demonstrating that the same arrangement of parts prevails in the 
human liver. Incautious injection of the biliary capillaries frequently 
results in rupture of the latter, and communication between them and the 
lymphatic interlacements, giving rise to appearances which have led at 
least several observers into the error of regarding the latter as biliary 
networks. 

The nerves of the liver, springing for the most part from the plexus 
celiacus, and consisting of both Remal’s fibres and other dark, fine, or 
broader filaments, spread themselves along the course of the bile-ducts, 
along the hepatic arteries and its ramifications, as far as its interlobular 
branches, along the portal and hepatic veins and serous covering of the 
organ (Koelliker). ‘The mode of their ultimate termination is still very 
obscure, : 

§ 267. 

Turning now to the composition of the liver, older and rougher analyses 
of ite tissue (whose sp. gr. is stated by Krause and Fischer at 1-057) 
give, beside about 70 per cent. of water for man, soluble albumen, 
coagulated protein matters, glutinous substances, fats, extractives, and 
about 1 per cent. of mineral constituents. 

In addition to these, a number of interesting mutation products have 
been found in the liver. As far as we know at present, glycogen, 
grape sugar, inosite (in the ox), lactic acid, uric acid, hypoxanthin, 
xanthin, and urea have been met with here. Kreatin and kreatinin, 
on the other hand, have not been found, nor leucin and tyrosin, of which 
the first is at the most only present in traces in the healthy liver (§ 31 
and § 32). Cystin has also been found in the organ under morbid 
conditions, 

None of these matters are present in the bile, and must consequently 
return into the circulation, 

The mineral constituents are, in the first place, phosphates of the 
alkalies, which appear in large quantities, the salts of potassium prepon- 
derating, while phosphate of calcium and magnesium, chlorides of the 
alkalies and sulphates are present in but small amount. Iron, manganese, 
and copper (p. 62), with traces of silicates, have also been found. 

Accurate observation has shown that the tissue of the liver, which is 
of soft consistence during life, possesses also an alkaline reaction, while 
in the dead animal it reacts acid. 

The glandular elements, or hepatic cells, are composed of richly albu- 
minous protoplasm, containing frequently glycogen. This latter com- 
pound vanishes from the cells of starving animals. Glycogen, which is 
neither found in the vegetable kingdom nor in the blood, must be 
regarded as a product of cell life. Through the agency of a ferment also 
existing in the cell, this substance is converted firat into dextrin, w wm 
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Vig. 513.—Seetion parallel 
Hoe of the kidney of a1 
transverse section of 
prosemes oF 
substance; «, glowerull and eapsules uf Bowewan. 


Here we remark that the so-called corti 





In the year 1842, however, this connection was demonstrated by 
thus to have advanced the histology of the orgun 


for a moment to the mode of termination of the tubes 
Known either in connection with Bowman's or J. 
ent 


Tt is not unfrequently soon that, on arrival in the neighbourhood of 
uriniferous tubes (fig. 514) execute a series of very rapid 
or in one plane, Further, that immediately before 
into the capsule (d) there occurs pretty commouly a constriction 
ore or less marked, and for a or less distance 
that the limiting membrane of the latter runs continu- 
ly homogeneous tunic of the capsule. The latter 
of about 0-1415-02256 mm., and spheroidal 
t itself of an elliptical or laterally widened 

or 
@ very thin superficial Inyer of the cortical substance, the cortex 
corticis of Hyrtl, neither capsules nor glomerules are to be found. They 
ure, however, very numerous in the cortex. Their number, ws estimated 
Schweigger-Seidel, appears to be, in the kidnoy of the pig, about 6 to 
every cubic millimetre, or 500,000 for the whole cortical portion of the 


supposed that the vessels 
wall of the capsule, and 
naked within the cavity 
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Each of these collecting tubos is scoompanied by « number of smaller 
‘These, as wo shall see presently, aro the descending and 


Vig. RK—The portion of & medub- 
tag from the aadney of the pigs 
‘so-called collecting tu 
ok Kennet and ert 
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pearances which tem; Henle, after he had 
renal tubuli so rhigtecrss 


passages, unicating 

is formed by riniferous a] of 
tubuli of the medulla. ed 

mentioned above, namely, that of macera- 

of complete artificial injection, show that serivs 

various forms, spring from the arches just mentioned, and 

the collecting tube itaelf. These it is (fig. 618, ¢) 

in the medulla, somewhat decreased in size (fig. 517, A, 9), 

the descending arms of the looped tubes of Henle (fig. 517, 


we have the origin of the descending ion of the loops, 
it still farther—to repeat a Dae deseription—we 
advancing into the med: substance for a greater or 
then ct round on itself (/), pursuing the same 
in to the medi process (7,/), At the same time its 

as already stated, and its lining of cells changes in 
here it turns off sideways, sooner or later, to become 
convoluted tube of the renal cortex (i), terminating eventually as such in 

one of Bowman's capsules, 
We now have the whole intricate course of the uriniferous tubes 
us 


In some few instances we may be fortunate enough to succeed in driv- 
pee eee ele. a ira the capriles. 

it seems almost superfluous to add another diagram (fig. 520) for the 

of onee more tracing the course which the secretion must take 

From sails (@) the fluid into th uted tube 

"8 ca (a. uid escapes int 6 convoluted tu) 

(Cn reece eat ln and curls in the cortex, arrives in the 

substance, whore it 


“Shiny Goce ne oon an 
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eee divided, after which their subdivision is con- 


the organ. Here, after giving t to the 
organ, they pierce the latter Bes i, sheets 


indy 
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ee 
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acute lo 

of. econ a, 
mammalia (fig. 524, b,¢'), and haga origin, after coiling and twist- 
there, to vas efferens, by union of the small branches #0 


Fakes 


‘Vig. 824 —Gomerwias from the 

Pig's kidney, 
pope ames bse, 4.037) In the lower vertebrates, as for 
ce in the nddor (fig. 525), the vas afferens (a) commences 0 eat 
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pre- 

tus to enumerate them with any certainty + 
snd kreatinin, xanthin, and hypoxanthin, uric, hippuric, 
ives, colouring ogre ey and salts. Gare 
ah amy em t urine (Briicke), a8 aa 
Stordeler). The 


portion of from 2-5 to 3 per cent, 
e amount of from ah eal eaane per dior. 
reganied as an approximate estimate, Its 
wsealar exertion (Voit), contrary to an old 
t ander a diet consisting largely of animal 
ey 52 to 53 grammes, and after 
re fails its quantity becomes considerbly 
amount to about 15 grammes, or even less, per 
draughts of water and excretion of the lattor 
creases its amount, Urea is the most important 
118 tissue elements, and consequently of the 
introduced into the system with the food. It 
cases to be derived from uric acid, a fact not only 
atu ne of its chemical constitution, but also by the 
Frerichs, and Zabelin, that tho injection of uric 
acid into the circulation increases tho amount of urea excreted with the 
led as one of its sources. 
of certain other bases into the body occasions 
rise in the quantity of urea eliminated. These 
alloxantin. 
25) le on the other hand, in far scantier 
round numbers its proportion may be stated as 
and its quantity for the whole day from 0°5 to 09 
even so low as 0-2 grammes. Under similar con- 
luded to in discussing ures, its amount riees and falls 
not, perhaps, to the same degree. It is contained in 
urine of the lower order of mammala. It frequently 
ry large quantities during fevers, accompanied by 
functions of respiration, a fact which lends 
to the theory Ai tree erren anne Bad 
formation of urea, As to where 
ws 
sey bandas urea, allantoin (§ 29), oxalic, and car 
, also, that the decomposition of uric 
farther light on this subject. Uric acid 
bination soda, held in solu- 


farther, of of the decomposition jucts of uri 
oe aS ier * 








Varies from 8 to 20 grammes and upwards, 
t abundant after vegetable food, and 


unsatisfactory state of our acquaint- 
the urine (§ 36). It is a point of 
indi hhaye been proved 


‘exist here by Hoppe and Jaffe, ig 
‘This explains the fact that blue crystals of indigo (wroglaucin) 
treating urine with the mineral acids, and that these 
mes in the latter, Jndiyo-carmine has also been 
From the circumstance that indican is not present in 
according to Hoppe’s investigations, and that it is 
found in the urine of the lower mammals as well, we may conclude that 


variable in their amount. The latter may be set down at from 10 
@ twenty-four hours. They consist of chlorides of 

i almost entirely of compounds of soda, especially 

ium, which is present in from 1 to 1°5 per cent., 


perspiratory glands and kidneys take part in ite 
are many points of interest attached to this process, 

and tissues of the body be saturated with chloride of sodium, 

all the absorbed salt is agnin excreted by the organs mentioned. If, on the 
other hand, the body have previously suffered a deprivation of the salt 

does not follow upon its ingestion, until the system has recovered 

diloride of sodium. If, however, all supply of 

is the case in starvation or existence on food devoid 


and ever decreasing 
Poot 

The amount of chloride of potasrium and ammonium in the urine is 
sal on thoes bad 4 


It does not, , fail to bo 
with it (Bischoff). 
has been esti 
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as merely consisting in an elimination of mattors from the blood 
existed there? 
some of the most important and best known con- 
stituents of the urine had been met with in this central fluid 
mt in the exchanges of matter goin; 


the statements of Zalesky, 

X by the kidneys, a IR 

many circumstances point to caution as regurds the 

this old view. Thus; 406 tastacice, Wha! acid ables of the 

jon of benzoic into hippuric acid in the kidney itself 

and Shepard), and the fact that albumen does not transude 


etwork investing the uriniferous 
fluid? 


are toes the es cells of 
possess the power of secretion, and represent 
something more than a mere passive epithelial lining, which is hardly to 
the Pi it aaa aati? from the external 

points of the papilie, which present 


Be ae aeceL peecee ny arranged in con- 
branches combine again to Gentes 
retardation of the blood must be brought about in the 
glomerulus, owing to the greater area to be traversed: 

; that this sluggishness must be succeeded by 
arrow efferent vessel, giving way again to 
clearly marked retardation in capillary network 
tubes, is also plain. ‘This narrowness of the vas 
greater or less degre of obstruction to the blood 

ii lateral prossuro, 


lary 
network, on the other hand, investing the 
under smaller pressure, and appears partly 

and to rob the urine as it passes of 
. The peculiar disposal, further, of the 


¢ towards the openings on the papille takes 
hout any mmnscular aid, merely through the vis a feryo produced by 
ontnnon meron tek ning Frm th am of fd 
ous tubes. Besides this, in the ureters the gravitation towards 
be Bee aad ty ie utemctit of. he mane es 

i). to the well-known anatomical at 
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The 529), the most i it f tho whole, i: 
ovary (Gi. 529), the most important part o! whole, is a very 


Tt may be Tevided into two portions, namely, into a kind of medullary 
substance, ie, nou-glandular 
and very vascular connective- 


parenchyma envelo the 
latter. 7 apes Hale 
the eascular, the external layer 
a sone by Wal- 


the former of these 
it commencing at 
the so-called hilus of the organ 
(the Ailus stroma of His), ot 
which largo blood and 
Wr vessels enter and 
Ieave the part. Traversed in 
all directions by innumerable "y,t2%—The ovary, 0 stoma, b mature Greater toh 
blood-vessels, this fibrous nuc- ao ng amo atan vein wih 
leus presents itself as a A 
red mass, comparable eed tissue. 

From it a number of centrifugal bands of fibrous tissue are sent off into 
the gland parenchyma, where they form septa, and coalesce again peri- 
pherally, giving rise, by their close intermixture, to an external boundary 
layer (fig. 530, }). It wes formerly held that this last might be divided 


marry of it. nal epithet serna); i ctea ur enero 
is sre poangent tcleny a vomerbet Fae hs 


and an 
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icisere le ma the whole internal surface of the follicle ax 
0 EE ae der lena car alerteroigetnira 
varying from 12 to 20, which, from the fact of their 
having been discovered at tho end of sesire epee igtaperg ite 
tomist of the name of De Grau, havo received the name of the Graafian 
in diameter, according to the maturity and size of 
Tie. B83 spprawasts, rock, « hoticle th ite wall (d, ¢), its epitholinl 
represents ‘a follicle with its ¢), its epitheli 
©), the ovum (#) embedded in the thick epithelial mass (2), and 
cavity. 
re ee ee ee 
two laminw may be distinguished, an internal and ex! 
Dedaeeat tions the sentient jons of the capillaries take place, 
the external contains the branches (¢) of the larger vessel. The 
layer is composed of the same elemente as the remaining sustenta- 
of the o1 “fag hee ager malate 
orm 
to the fact that the blood and lymphatic veasels of the tissue 
tho external layer of the membrana folliculi a series of open 
the follicle may be separated with ease, and in a perfectly 
condition, from its surroundings. In the internal lamina of 
we then observe that the capillaries enter the latter in lines con- 


F 


cn 
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on being cut through. 
hilus stroma has been 
poved ofthe modified walle of remsola, theanaes trvarsed 


earn to mind the structure of the 
corpora cavernosa (Rouget). this 
would ane the pints ou cells of 
ns 185, ps i w= ec 
p. 283), in keeping wit 
which viow the fresh stroma of the ovary 
has beon observed to possess the power of 


In this course they supply 
wentioned above, with 
of vessels, Prolongations 

the latter, however, penctrate still 
further towards the zono of cortical ap 
doubling on thomeclves, for the 

t, before their arrival in the 


vascularity. r 
But besides being very rich in blood- jp se5--ree 


of ® piamunal, 4, onein 


vessels, the whole stroma of the hilus 
numerous lyinphatics, In the 
Which are similar in their arrange- 
ment to the veins, the characteristic vas- — ¢pithetial sae eth tha eorion, 
cular cells of these passages may beevery-  *"47"% 
where rendered visible by treatment with nitrate of silver. 
‘Their relation to the follicles is of special interest, however. The latter 
i size, and having pressed forwards towards the sur- 
is position to be surrounded by a dense network of 
principally in the external lamina of the wall of the 
Les bo His the nes oe of tho latter is completely destitute 
Smaller folliclos also, as noon nx 
oremyorann to present an investing 
a of enh canals, even long before they have reached tho surface 
16 OMAN. 
‘The numerous nerves of the ovary springing, for the most part, from the 
ganglia, as has been shown by Frankenhatser (§ 279), contain 
medullated and non-medullated fibres, and enter the organ with the 
‘Their ultimate distribution is still obscure. 
between the ovaries and Fallopian tubes a trace of the Wolffian 
be seen on either side of Was the form of a few 
“elie ala vespertilionum, To this the 
has been given, The enivick are composed of 
lining, and 


transparent con! 
of the ovary atill best ee accurate 
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follicles aro eventually formed in 


Wolfian ees ae dips down to 
again, a canal is formed subsoquently, the 
Waldeyer), aud from it the Fallopian tube pectin 


it points have recently been brought forward by 

to the follicles, % A : 
enable us the better to com- 
{yA Parone eetene 


" Valentin and Billroth, w' 
tal eae into oblivion, These 


eee 
ve 
mista 
i; 


Koelliker, Waldeyer. 
to Pfliiger’s investiga- 
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ions 

ial rudimentary follicles, 
jore briefly “ ova 
ha {), has been given 
535). They contain besides 
cells of small sizo ond 


of pri 
or, mi 
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however, that at this period we come uj 
explains the fact of their having #0 
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a Graafian vesicle arrives at this epoch of its existence it under- 
‘a farther increass in size, owing to continuous proliferation of the 
of membrane of the follicle and accumulation of fluid 
lt now gives rise to a prominence on the surface of the ovary, 
of its tense and swollen, and no longer situated in the 
| of the organ, but merely covered by a thin layer of connective- 


», there comes a moment at which the wall of the follicle becomes 
distended that it must succumb to the forces acting on 
‘The rent always takes place at the point of least renist- 
ly in the external surface of the ovary, which is 
thin fibrous envelope. For the reception of the ovum 
vil es le of tho’ Fallopian tube is closely 
ovary. 
commences its jouney down the tube towards the 
ich it arrives after some days. After it has escaped from 
follicle, the inherent energies of the encapsuled cell are 
by the penetration of spermatozoa into its yolk, and the process 
of segmentation commences (fig. 537, 1), which has been already i 
This process contin 
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this does not take 

but that by its divi- 

sion it is bound up with seg- 
mentation of the cell in the 
nenal manner of endogenous 


But when i 


the whole time that a woman is capable of bearing, we shall 
some of the number of follicles requisite to supply the ova. 
Se irerctiee xpcotied ty ‘Sat vry the encesioan qrovantion, of 


the 
We 
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place, the process is carried on with greater tardiness: the yellow hody 
increases in magnitude, remains for some months at a high degree of 
development, and only recedes after four or five months, At the end 
of pregnancy it has not yet disappeared. These differences appear to be 
occasioned by the continuous increase of vascularity in the organs ‘of 
generation in the latter case, compared with the more transitory excite- 
ment in the first instance. The corpora lutea have been classified, owing 
to this, into true and false. 


§279. 

‘We now turn to the consideration of the Fallopian tubes and 
uterus. 

The first of these may be divided into two portions, namely, an upper 
and more or less tortuous half of greater diameter, known as the ampulla 
of Henle; and an inferior and much narrower half, which leads into the 
uterus, the isthmus of Barkow. They present an external layer of con- 
nective-tissue belonging to the peritoneum, and beneath this a muscular 
tunic, consisting of longitudinal involuntary fibres, on the outside, and 
transverse fibres within. The cells of this coat, largely intermixed with con- 
nective-tissue, are extremely difficult to isolate. During pregnancy this is 
somewhat easier. The mucous membrane of the tubes is entirely destitute 
of glands, In the isthmus it is covered with small longitudinal folds ; 
in the ampulla with a series of very considerable ones, which are supplied, 
as I find in the pig, with a very complex network of looped vessels, and 
ulmoat close the lumen completely. Its ciliated epithelium (p. 150), 
which extends as far as the external surface of the fimbriz, moves in a 
ciliary wave directed towards the uterus. As in the mucous membrane 
of the uterus, so also here do we miss those goblet cells described by 
Schulze, 

The uderue or womb, although it undergoes numerous changes during 
the earlier periods of existence, owing to the processes of menstruation 
and pregnancy, is nevertheless in many points similar in structure to the 
tube Fallopii. Its muscular tissue is, however, of greater strength, and 
its mucous membrane contains glands. 

The fleshy mass of the uterus consists of transverse, oblique, and longi- 
tudinal bundles of smooth muscular fibres, interlacing in every conceiy- 
able direction (p. 283). ‘To a certain extent we may distinguish three 
layers, of which the middle is the thickest. Around the neck of the 
womb the fibres are arranged in transverse bundles, so as to form a regu- 
lar sphincter uteri. In this neighbourhood the contractile fibre-cells 
are particularly difficult to isolate if the organ is not in the gravid con- 
dition. 

In the mucous membrane of the uterus (which is closely adherent to the 
muscular tissue, and exchanges with it many of its elements of form), we 
find both in the body and cervix a network of stellate and fusiform 
cells similar to those of the framework of lymphoid organs (Henle, Lind- 





ren). 
. Those bands of smooth muscular fibres which extend into it appear to 
terminate in its deeper strata. The mucous tissue of the vaginal portion 
was found by Lindyren to be traversed by vertical bands of elastic fibres, 
connected with one another in arches near the surface. The body and 
parts of the neck also of the uterus present ciliated epithelial elements, 
described at a very carly period as simple columnar cells without cilia 
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The nerves of the uterus have been very carefully investigated by Fran- 
kenhduser. They are derived from the genital or spermatic ganglia, and 
through these from the so-called plerus uterinus magnus and p. hypo- 
gastrici, to which branches of the sacral nerves are given off. 

On the posterior wall of the neck of the uterus is situated a ganglionic 
mass of considerable size, the ganglion cervicale of Lee. From this most 
of the nerves supplying the organ take their rise beside vaginal and 
vesical twigs. Only a very small number come from the p. hypogastricue. 
The course of the nerves in the walls of the organ usually corresponds 
with that of the blood-vessels ; it is, however, very hard to follow. In 
regard to the ganglia found here, we refer to § 189. The termination 
aleo of the filaments in the muscular substance has been likewise dealt 
with in § 183. 

In the ligamenta lata bundles of unstriped fibres are to be found 
between their two layers. The round ligaments are, however, still more 
richly supplied with these elements, besides which they contain volun- 
tary fibres. On the other hand, the Zig. ovarii are but slightly muscular. 

During menstruation the uterus becomes looser in texture and increased 
in volume owing to a great influx of blood into it at this time. At the 
same time, the glands of the mucosa increase considerably both in 
length and breadth. A discharge of blood takes place also from the 
gorged capillaries of the mucous membrane, the walls of the latter being 
either ruptured in the act, or, by the passage, as some believe, of red cor- 
puscles through the uninjured walls. The blood of menstruation, which 
is poured out at the external genitals (p. 121), is found besides to contain 
a large admixture of cast-off uterine epithelium. 

During pregnancy the uterus undergoes a considerable increase in 
volume, affecting principally the muscular layers, and, as microscopical 
analysis has shown, consisting in a remarkable growth of the contractile 
fibre-cells (§ 173) (which may now be easily separated from one another) 
as well as in a multiplication or neoplasis of the same, at least at the 
commencement of the period. 

Both the blood-vessels and lymphatics, as might be expected, partici- 
pate also in this increase in size. 

It is also an interesting fact, that the nerves of the uterus becomes 
thicker and grayer at the same time through thickening of their peri- 
neurium, while the individual fibrille present a darker outline than 
before, so that they can now be followed farther into the parenchyma 
(Kilian). That the number of primitive fibrille actually becomes larger 
is a matter greatly to be doubted. 

We must now bestow a few words on the most important of all the 
changes which take place here, namely, the metamorphosis of the mucous 
membrane. Already before the arrival of the ovum in the cavity of the 
uterus this structure becomes thicker, softer, and more vascular. Further, 
its fibrous elements gaining in number, and the uterine glands increasing to 
four or five times their original length, a separation takes place between it 
and the inner surface of the uterus. Covering the ovum, now it is known 
as thedecidua, After parturition a new mucous membrane and new glands 
are formed on the surface of the uterine cavity, a regeneration of which 
neither of the two tissues are capable under normal circumstances. The 
involuntary fibres of the womb undergo, about tho same time, fatty 
degeneration, retrograde development, and partial destruction.! 
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$281. 


mammary glands, which only attain their full development in the 
corresponding secretory power, belong to the great group 
as 


+ 


aL 


B58 


cif 


HE 


(ee. 539, 1, 2 a). 

ir membrana propria 

presents, as in other 

allied a network of flattened stellate cells (Langer). 

are enveloped in fatty connective-tissue, which 
smooth rounded 
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ee ee me eceace at bare. The female breast ia, how- 
‘ever, at this period in a more perfect state than the male, 

At the commencement of puberty the formation of a considerable 

number of gland-vesicles takes place in the female breast, and with tolerable 

A) the organ to assume its well-known shape But even 

and ees Se the whole term of virginity, the gland does not attain 


‘Vig, &42—Degenerated mammary gland 
from woman 90 years of age, 


thing like ita full develo 


oat the whe 


mary gland 
gradual disappearance of all its terminal rouclin! and 
of the amallor ducts, until eventually nothing but fatty tissue 


is to be found in ite place. It is ropresented in this condition in fig. 
Here the canals only are to be found; everything else has dis- 
may The interstitial connective-tissue appears rich in elastic fibres 
‘The mammary gland of the male (fig. 539, 6), with very rare exceptions, 
never attains the same degree of development as in the female. In it we 
generally find nothing but a system of ducte, varying greatly in size, no 
trace of terminal secreting vesicles being apparent (Langer). 
§ 282, 
opaque bluish or yellowish-white fluid, without odour, 
sweetish to the taste, with a slightly alkaline reaction, and a sp, gr. usually 
of about 1-028-1-034. When kept in a state of rest it separates into two 
strata—an upper, thick, fatty, and white (cream); and a lower of much 
dimer consistence. se ora ean a Aes aA oO oe 
the conversion of 
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These plubules (fig.543,a), present the usual optical charactersof oil drops, 
and an average diameter of 00023-00090 mm. Under ordinary circum- 
stances they do not coalesce, but do so readily on the addition of acetic acid, 

showing that each particle possesses a very delicate 
ey ied stg membrane of some protein substance, probably casein. 


0°72 The microscopic appearance, however, of milk, 
O;> which is secreted in the last days of pregnancy, and 
° immediately after parturition, continuing sometimes, 


6 even under abnormal conditions, for a longer period, 
@ is quite different. This fluid is known as colostrum. 
@ 6 It is of strong alkaline reaction, rich in solid con- 
stituents and salts, and contains, beaides fatty globules, 
Mg sa —tam-de other bodies to which the name of colostrum cor- 
ee: bode jpuscles has been given. These (5) are spherical struc- 
tures of from 0°0151 to 0-0564 in diameter, consisting 
of an agglomeration of oil globules, held together by some species of 
cement. Sometimes a nucleus may be found in them, besides which 
they are endowed with the power of contractility, sluggish no doubt, but 
unmistakable (Stricker, Schwarz). 

Taking milk chemically, we find in it, besides water, casein (p. 17), 
neutral fats (p. 26), and a kind of sugar known as sugar of milk (p. 33); 
further, extractives and mineral constituents, free carbonic acid, and 
nitrogen, gases, and small quantities of orygen (Hoppe). Even blood and 
bile pigments may also be abnormally present. 

Casein is generally supposed to occur partly in combination with soda, 
dissolved in the watery portion of the milk, and partly, as we have already 
remarked, coagulated in the form of delicate membranes around the milk- 
globules. The amount of phosphate of calcium present in this fluid is 
quite remarkable. Albumen also appears to exist in milk, but in colos- 
trum it is undoubtedly present. The neutral fats of the milk cousist 
first of the ordinary fatty matters, and then of those which, on saponifi- 
cation, set free butyric, capronic, caprylic, and cupinic acids (p. 25). 
‘We have already spoken of them in detail in an earlier section. The 
sugar of milk ig found in solution, as also the extractives and the majority 
of the mineral ingredients, The latter consist of chlorides of sodium and 
potasium, of combinations of phosphoric acid with the alkalies and earths, 
and of soda aud potash with casein ; iron is also present, The insoluble 
salts usually preponderate. 

The name “ fairy’s milk” (Hexenmilch) has been applied to a peculiar 
milky secretion produced by the mammary glands of infants for some 
days after birth. 

In the quantitive analysis of human milk we must bear in mind that it 
varies considerably according to age of the individual, and nature of food 
indulged in by the latter. These variations are much more decidedly 
marked in many of the mammalia. The following is an analysis of 
Simon's :-— 


1000 parts contain— 


Water, 2 6. wee 8806 
Cassin, 2 kk TO 
Sugar ofmilk,. 5. ss, AB 
Fatty matters, . Lo. BAO 


Extroctivesandsalt, 9. 9... 80 
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‘The proportion of casein in woman's milk is, acconling to Simon, about 
3°5 per cent, on an average ; that of fats, 2°5-4 per cent. ; of sugar of milk, 
between 4 and 6 per cent. ; of salts (among which phosphatic earths pre- 
dominate), 0°16-0-20 per cont. 

The average amount of milk secreted daily by the human female, 
during the period of lactation, is somewhat over 1000 grammes. About 
50 or 60 grammes may be produced by one breast in two hours (Lam- 


The use of milk is, as is well known, for the aliment of the infant. It 
is secreted at the expense of the nutritive material of the mother’s blood, 
and may be designated as the prototype of all aliment. 

If we compare the ingredients of milk with those of the plasma of the 
blood (p. 115), we find that the mineral constituents of the latter may 
have simply transuded into the former, somewhat in the same manner a3 
that in which they find their way into the urine. But the three series of 
organic substances are not to be found as such in the blood, or, if 80, 
only in small amount. To the first of these, casein and sugar of milk 
belong, the sourcea of which may be regarded as albumen and grape sugar; 
to the third the fatty matters, All this seems to indicate an inherent 
power in the mammary gland of causing a species of fermentation, as also 
of producing within its cells a part, at least, of the oily matters found in 
the milk. 

The mode in which the secretion of the mammary gland is produced in 
the interior of the vesicles is similar to that in which the sebaceous 
matter of the skin is formed. The gland-cells become enlarged by the 
generation within them of oil globules (fig. 539, 2, J), and are in this way 
physiologically destroyed, at least in many cases, although the membrane- 
less body of the contractile gland-cell no doubt frequently enough 
simply disgorges itg fatty contents. During the less active formation of 
the colostrum these cells, or fragments of them, are carried off in the 
watery portion of the milk. The gland-cell of the suckling woman is 
regarded by us as a very transitory structure, 


§ 283. 


The male generative apparatus consists of fro testicles, enclosed in the 
scrotum, and invested with their several tunics; of the excretory ducte, 
emptying themselves into the urethra; of the copulutive orgun; and, 
finally, of accessory structures. Among the latter we have the single 
prostatic gland, a pair of glands known as Covper’s, and the vesicula 
aeminales, 

The testix, with its accessory epididymie, is a gland consisting of a 
multitude of fine and very tortuous tubules, known as the fubuli semi- 
niferi. The whole is covered by a fibrous investment, to which the name 
of tunica albuginea, s. propria testis (p. 227), has been given,—a tough, 
whitish membrane of considerable thickness. It is again contained within 
another sac, the funica vaginulis propria, serous investment, whose 
internal portion (¢, adnata) cannot be distinguished from the albuginea. 
Finally, the testicle and spermatic cord are enveloped in the ¢, caginalis 
communis, a strong bag, composed of a serous and fibrous portion, which 
contains, around ite junction with the vaginalis propria and epididymis, a 
number of contractile fibrecells (Korlliker). Upon this coat the striped 
fibres of the cremaster muscles are situated externally. This vaginalis 
communis is connected without with the musculer \unic of the wruuom, 
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gradually combine to form one single wide canal (9, H 
mim. in diameter; which turns and twists upon iteelf ‘i 
ming ax elongated body known as the corpus and cauda 


this tube, of which the epididymis is composed, becomes less 

‘of greater calibre, its diameter amounting on an average to 
his now known as the vas deferens 4. ~ reqitetly bofore 
the addition of a short coscal branch, tho was aberrane of 


ta and capsule 
oe cpa 4 
vary 


"Satie af weer ta alt the 
tissue (Mihalcowicz) are enve- capil 
in thooo flat membrancous fart sufi cats ease” © 
of which we have already 
spoken (§§ 130, 223), and to ‘which we shall again have occasion to refer 
considering the arachnoid. These cells cover like a membrane both 
seminal tubules and blood-vessela, leaving, however, chinks between them, 
whieh serve a purpose in the Ait Si circulation. 
‘Tn the human and mammalian testicle besides a number of peculiar cellu- 
Jar elements, undergoing pig- 
‘mentary and fatty metamor- 
phosis, the “ interstitial 
cols,” are met with, at 
times in great abundance, 
They are usually 
in bands, their asister 
ing in the cat 0:014-0-020 
mm, They may envelope 
the vessels like a a atnetts 


tabalr( ite vm —From the testis of the calf. ses seminiferous 
eae wall whose ae 4 vest piles entre hn blood -vensols ; 


average 
0:1128 100" 1421 mm. By the aid of the microscope we learn tbek Ds soe 
brana ited by a coat (sharply defined from the interstitial 
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yhatics of the epididymis and tunica yaginalia 
which then take their course along the sper- 


spring from the internal spermatic plexus ; as 
mode of termination, however, nothing on present 


ith the epididymis we have to consider several struc- 


the so-called Aydutide of Morgagni. hese 
two forms, scon in come cases together. ‘The 
potiolate vesicle seated upon the anterior surface of the 


any stalk, and either simple or divided into lobes. Ite 
und it sometimes communicates with the passage of the 


bodies. 


of the Woljian body, then, ay 

generative system (a mere trace remaining i mature 
Setiraceresoa), the putts ode ie farmed, mba the uot af tha deans 
converted into the vas deferens, The other remnants of the 
Ls Bag mn nena iriergi polactine 


duct of the Wolffian body, we find at a very early 
a second canal, that of Miller, already alluded to 
le system. This has, however, a different 
<fileenareear on pralscraareteaers ra 
fore portant 0 
sine ~The last 
to be seen ax the hydatid of Morgagni, 
portions form by their 


a 
ne 


it 


FE 
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into this very interesting subject; but we 
juish it to the probable safe- 
guard against hybrid im bie Se 
sheep, 
del, head; 
amide pore 
tlonk 6 


in caustic alkalies (Koelliker). Owing to the propor: 


ingredients in the spermatozoa, they preserve their form, 
eajected to a red heat. ney ene j 

Fe ee eee a oo eae 

many years Frerichs, expecially that of it 

of tho cock and ea Hebe scseower dia he found the uid 
resembling a dilute solution of mucus, and containing a certain 
Chlorides of the alkalies, and small quantities of 


2. 


i 


probably also cerebrin and lecithin. 
constituents, among which lime and 


“orl cl tag el abe armcicld martes be 
wi Sepicit none tec gle ce of the sper- 
its amounts to 13138 per cent. lecithin (?) to 2°165, and 
to 2637 por cent, (Koelliker), 

discharged from the urethra, is richer in water, from the addi- 


ce 


i 
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have the head or nacleus (1), the middle portion or remainder of tho 
the elongated ciliam (3). 
§ 285, 
important liarity of the seminal elemen’ 
since qeray Reid Weotiata ta thos 
i sir in ceria times ered aso Fevok ot 
individoal fon (whence the ‘ame LJ a 
anya eens oe ciliary motion 
the latter, bafile at present all explanation. ‘ : , 
Tf semen be taken from the seminal tubes of eome freshly slaughtered 
mammal, it will be found, asarule, bai rahi Ta} in juestion have not 


Derr ctitis mass, chasing dimen ten ee 
0 EST ial leet eer ree 
Sites eaesens bo eorpars Use with the Indopen tah heyng to 
a moment to compare wit ie pendent hurryis 
and fro of a host of infusoria, we very soon observe the most bea te} 
distinction. We miss, in the first place, the spontanei 
organisms,—that swimming in definite directions and avoi 


no means f, several tiutes being 

ieeen tate Like the motions of the cilia, 
Plies toate latcente cexrenoe, afters tice, to decrease in rapidity 
and the structure dies, We remark the intensity of the whip-like undu- 
Iations of the fibro growing less and less, until at last the movements of 
‘the latter cease to peer! the spermatozoon any farther, and all evidences 
Sere eseaitee te Gnaicuw of these movements. Their dura- 
interior of the male organs eration or in emitted semen, 


PPL Se 
tt 
au 
nil 
BE 
FS 


Among th 
, at times almost for a whole ray) 
the spermatozoa may be observed til 


| 
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the middle or membranous portion of the passage under the mucous 
8 long-meshed presents itself. The 
muscular layer, on the other hand, is weaker, and covered by 
of the musculus wrethralis, which consists principally of trans- 
bundles of striped fibres 
“ie ie ular tissue of the pars cavernosa is even lesa 
the mucous membrane is covered with cylinder 
ban Oo ees at a greater 


ion of the pete contains farther little Lard 
pe the facune: Morganii, which are not glandular in 
isolated small and ill-developed racemose glandules, known 
of Liftre, whose vesicles and ducts are lined with cylinder 
oda obed wr to exist in the pars membranacea ree 
eee ei be poe as Sromeded ot Sonate 
to tl is 
<a into ‘Jom falls sebaceous 
ipty thomselves, ‘dlastic subentancous areolar tissue 
ae Fe bundles ae involuntary muscle-fibres, of 
tunica dartos of the scrotum, and is quite devoid of fat-colla, This 
subentaneous tissue invests the whole organ down to the baso of the 
+ it is known as the fascia penis, At Te tho root of tho membor it i 
condensed into an elastic band—the ligamentum suapensorinum penis. 
‘The connective-tissue the two lamin of the foreskin together 
manifests the same ahenasby, but is destitute of fat: it is intermixed 
with muscular element 


tt 


iF 


nes 


Bist ASpa of sega a \Sovored Fy’ w Glide ieaebraa 
ees termes thane ene th. This membrane is 
Ler bs jie arranged in rows con’ towards the orifice 
obscured by the flattened e epi elinm covering of the 
roleTe 
from 0-9 to 0-5 mm., and appearing a8 through 
or bi out the latter, 


On the the corona glandis we may frequent 


mirada that tallowy substance, known 
collects somtimes underneath the foreskin, 
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, Which probably empty themselves like- 
the part, 


arteria profunda are supplied with a meshwork 

gather themselves together to form venous 

‘be seen pee ce abivercty themselves into a network of 
artery, 


iciue, brought into notice by J. Miller, and 
the sabject of such frequent controversy, used to be supposed to 
contortions and tendril-like convolutions, partly with blind sac- 
cules in the cavernous spaces projecting into the latter, ‘The appearances 
2 ied “+ erga eter ara iba erlodyiir torre (Rouget, Langer), 
in y imporfect injection, partly 0 constriction caused 
sovervd laste trabeculas, 


selves into the dorsal vein of the penis (so-called vena emissuria). Again, 
vena emissaria inferiores, which come from the interior of the 
make their exit near the urethral furrow; lastly, 
of the crura of the cory cavernosa. 
portion of the urethra we find a yenous network inter- 
ie tube, consisting of long meshes connected with the 
balb alone do we encounter a direct entrance of 


the medium of capillary networks, as seen, for instance, in 


of the urethra, 


i 


ii 
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descriptive anatomy. 
sidered their ei fpe= (§ 107), 


tissue cartilage attached laterally to synovial capsules, and in' 
between the heads of bones forming joi 


calcified ‘cartilage, and occur most 
Compare Virchow, “Dic krankhaften Geschwilste,” Bd. i, 6, 


§ 289, 


‘better to comprehend the arrangement of the vessels of 
first take one of the tubular bones as an example. 
numerous vessels from the periosteum are given 
Haversian canals (§ 140), and are there arranged 

d ae cases ob consis esble sing whieh ces aoEee 
pseos wa oto ewe 
n ‘of such a bone, he foramun wate 
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Dones it is met with as a yellow mass, found under 
bo made up of scanty bundles of connective-tissuo 


le up usually of bundles of connective-tissue similar 
variety (but in smaller quantity), with an ever- 
ee poe eee 
lymphoid elements, with granular contents and distinct 
latter, 0:0090-0-0113 mm. in diamotor, aro identical with 
in plate 552, b, from the medulla of an infant. Like 
ipposed to be 


Ww varioty 
are to be met 


ility 
Pepa eee to8 vessels of the 


is 3 
id of clement is also to be 
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tho anterior (a) Local a Pecan oath ), 60 
Hetapiedbe shen bottom of the anterior 


as consisting of perfectly ed longi 
(g), lateral (i), and posterior (#) columns, 
oT ie apinal marrow the latter most internal 
ms 


Looking at it from a histological point of view, the whole spinal marrow 
may be said to be supported intedstitially by « lowly-organised vascular 
and to be composed of nervous fibres and ganglion cells 
imbedded in this framowork. In the white substance, however, we find 
fibrous nerve-cloments alone, but in tho grey, besides these, ganglion 
cells. There are, however, so many difficulties still connocted with the 
igation of the more minute arrangement and combination of these 
ita, that, with the brain, the spinal cord may be said to be ond 

of the most obscure and unsatisfactory fields of modern hi: al 


Ruwanka—(1,) Literature ahha tae hes treatises on the structure of the #pinal 
ees ee ms by Stilling and a ae 


Tony be ment those 
and p. iii. p. 847; and Baale’s Archiv. 
tp goh dad 1860,"p 1 Bean's lroneptat 
Anatomy of Lumbar Ealarvement of the Spinnt Cond, Cambridge (U.8.) 1801." W 
Hendry in Micron, Journ. 1883, p. 41. 
§ 292, 
now consider the neuroglia or connective-tinewe eustentacular 
inal cord, whose chicf peculiarities have been already 
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fle 
i 
i 


arrangement of the capillary network of the cord 
min studied by Gull. The widest meshes were found by 
anterior columns, the finest in the lateral, while those of the 
columns lay between the two. But the densest capillary inter- 
of all are to be met with in the grey matter in those situations 
cells are collected together. Finally, the restiform 
le for having meshes of capillaries as emall as those 


been already mentioned (§ 207) that throughout the whole spinal 

‘brain, all the blood-vessels, inch arteries, veins, and capil- 

a loose sheath of connective-tissue, A watery fluid 

within the latter has been regurded by some us lymph. The existence, 

this system of perivascular canals of His is not yet firmly 
lately been the subject of very earnest controversy. 


§ 293. 
jiscussed the connective-tissue groundwork of the eord, 
its nervous elements. 

white substance, as has been already remarked, consists entirely of 

‘These present all the characters of central structures (fig. 556, f, 9, h), 

&e., they are not supplied with the same primitive sheath as the peripheral 

tubes, so that in many cases we are only able to obtain them in broken 

In the finer specimens further there seems to be a tendency to 

(§ 176), and we may easily recognise their axis cylinder, ir 
may be thly estimated 
9°0029 to 0:0090 mm., show- 


ale 


=F 


Ht 


i 


Fil 


if 


He 


with bundles having any 
Their course in the 


: sane 
2 ica (i, m,n), and are 
often unmixed 
direction. 
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STeet ery oot tnioyeanly tinged with bowen plement 
are not juont i wil nm 
Spe arabic ttn alee ot ir tha somhen ore peee 
They are specially numerous at the apex of the anterior corny, 
they, form several dense clusters as it were, Here they are 
one another by interposed broad nerve fibres, Other 
cells, however, are met with singly, and especially 
surface of the grey substance. In the most internal portions 
‘cord also, near the axis, as also at the buse of the posterior cornu, 
them still presenting precisely the same essential characteristics, 
decreased in size. aie ; oy 
erous processes of these ion corpuscles spread them- 
all directions, wi a rule acon vie by ping 
ws, As observed by Deitere, whose statements we 
to many points, these processes may penetrate into the 
of connective-tissue running through the white substance; 
may be regularly looped around bundles of nerve fibres in 
‘ of aitipolae gangli ‘ls have been ly 
ips of multipo lion cel common! 
as connected with one another by means of pain shore & 
ions, und great strees has been laid upon the importance of the latter 
ule 


ade Bali 
re 


i 
3 


i Tt cannot be denied, however, that a deplorable misuse 
made of this supposed existence of connecting fibros (fig. 305, p. 


Spe 
i 


= 
F 


is only extremely rarely that. perfectly unmistakable view can 
ined of them. Thos, in the works of many authors it is openly con- 
with all their efforts, they were never successful in obtaining a 
ing of the kind (Goll, Koelliker). Others even deny the 
of such commissures altogether (Deifers). Othere, again, are 
to state that they have observed them, but in rare instances (Reissner). 
Our own experience coincides with that of the latter. Even Dean, a very 
sound observer, who is, notwithstanding, somewhat too profuse with such 
‘commissural ng exceptions. 
anatomy of the 


3! 
cf 


confessing thoir ill fortune in this respect (Goll), As 
@ role, under favourable conditions, one such bo 
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ef 


an pce mplete pr rato te the 
are no com) PI e 
‘ach reckons them, moreover, among the 


te 


Teel 


i 


po Be roste katte 
ghee aap siproaee. 2 oe eae. oe 
is entirely dij 
fo neural net-work alluded to is only observed to be absent 
neighbourhood of the axial and in the substantia 
"t Beland It may be easily distinguished from the elastic 
of the neuroglia by certain reactions according to Gerlach. 


§ 294. 


now to the posterior roots of the cond (Xi) jp sees 
someon ha sin intr ani te inal nerves, 


thatefoce, of thé nature of 

Ge deny ta fo later Thea stle eotnics Coden besides, in 
diameter which the sensitive Se ee entering the grey 

matter, renders the tracing of them very difficult, 
ochre somo (Koelliker) that the external ion of the pos- 
—haerralecte amma p ean terior column into the 
CAspsidir, ane atscybe Mivaee pants aaid, Ok Koa eho, 
oath trap henge res pincnre 


these statements, Deiters showed later Mra it is 
sn part of the posterior root which takes this curved 
| the posterior column, ani enters the woran from Ws 
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columns, in part with the posterior or sensitive 
‘be lost in the grey substance at the junction of 
commun. 


§ 205. 


tions of 
Seaiate lower laterally. 
papain fissure begins to close in to form the raphe ( 300.7, 
ant re to ie rT) 
Besides these changes 
‘Wo now remark a num- 


aPRLEpEES 
inte 
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§ 296, 

‘Let us now endeavour, as far aa the scope of our manual will pormit, to 
clear up some of the difficulties connected with this most complicated 
arrangement of parts in the medulla oblongata. 
And first, as regards the grey substance. 
iret es is extol entie of cesactlct tan two cea 
i at the ex! 
pebeelas poh, ie grey matter is prolonged outwards into a 

iis has been named by Jacubowitech the lateral accessory 
ae the tractus intermedio-lateralis, It 


i 


i 


and 
into 


le 
Ht 


poseceses, 
thi ose 
i of the formatio reticularis. 

the medulla oblongata towards the brain, 


posterior cornu. ‘This change grad! 
whole of the upper portion of the medulla 
a meshwork of grey matter, traversed by rane 
Tho grey substance is, in fact, spread out 
Berney, and conned with the grey ae ane 
@ fact, however, that the most internal of grey 
jose originally surrounding the axis cai remain for the most 
they may present an appearance liable to deceive, namely, as 
Ray alone wee the rolongations of the cornua of the spinal cord. 


Seamer sice 
A most important discovery was made oni 
de two modes of origin, corresponding 
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a collection of large 


Bergmann. (Stling, Lenhoweh, Deiters 


§ 297, 

to the question: What becomes of the continuation of 

na of the spinal cord on arrival at the medulla af 

that ay quite evident is that a prolongation of all the 
of the whole cord into the latter cannot take place, We 


through the interposition of ganglion cells in a mannor 
Se pried ot tee eee fds were formerly supposod 
i ions 0 ids were formerly su 
Reyes atatna du ydacinel cca’ Soasioueeee aoe 
erroneously, for the latter particularly, for a considerable distance 


the first , it is traversed 
the most part from 








ORGANS OF THE BODY. 589 


ior cords, This 
m the formation of 


ar corrugated capsule, the corpus dentatum olives, which 
nucleus on all sides except internally. In the 
of this cineritious substance we find, 
Clarke and ‘Dont coal yellowish cells from 0°0156 to 0.0189 om, in 


their fibres, pass by the organs in SS, $ dee enh 
but no connection with their elements takes 
researches, which we hero, Ree tae lei bin bibs ooo 


Saplings em lemuen aides already 
each case from the posterior columns, each olive obtaining, how- 
sto oth sie of tie A new system of fibres then 


syste Further, they 
round their external border by a set of zonal fibres springing 
terior columns, At the summit of the olivary bodies poate- 


ay 
r 
a 
AH 
a 
FF 
Hey 
ee 
Hi 

£ 


i 


fl 
RE 
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re of the course of the fibres in the cerebellum is at ae 
sent exceedingly imperfect. Nervous bundles of the crura cerebelli ad 
med, oblong. are said to advance as far as the crumpled pot GRY 
matter of the corpus dentatum, and to terminate in its gun, 
then, any tat bros as esa Yo make ir 
way out organ, at ib wi capsule 
substance is imperfect, etLt send eocionanees oa 
Peers tation) iculi of the Se a ores gent 
we also been described as radiating from the corpus dentatum towards 
the surface of the cerebellum; ) ae a each hie eee 
Sates radiata fi (‘Stablransfaserwng) of the hemi- 
eee 299). "at bn She th rar 
ad medullam oi are also described KA paren 
ethos hae led 8 aoe 


cortical layer of the See te aieettedl 


of very carnest study, and, to some extent, the oldor 
have thrown a light on the subject. 


Hinitete 
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freq! Beara jaa eee 
‘We pass on i met ntl ar sn 
‘Both these present a grey surface, In them terminate fibres from the 
bases of the crura cerebri. Aeris bo Ges oe a eee 
—nepehig er ‘The grey matter of both gang! its for the most 
ity of structure, ape eng Jarger and smaller 
ion cells and small elements, measuring 0:005-0:01 mm, 
is similar here to that in the cortex of the cerebrum. 
to the nucle? amygdale: and claustrum we are in want of 
observations, 
Turning now to the coronata radiata, we find that it consists in 
the first place of fibres which, without having touched one of those 
agoend directly through the erura and then of the nadia 
of the ganglionic massea. These great masses of fibres are probably 
connected with the intellectual functions, 
corjren callosum, on the other hand, has nothing to do either with 
faxes of the brain or the corona radiata It isa purely commis- 
system of fibres, radiating extensively in the hemispheres of the 
eerebraim, as also is the anterior commissure. Besides these, thoro are 


by 
mentioned Koelliker, geet Berlin, Arndt, Me 
easily conceivable, and it is probable 
er mammals, 


Pi nature, 
Meynert Sa finer one 
‘the first place, namely, small cells of ihe ier ve deed 
Tag ogy rpc own nalare 
@ 1 gelled ee pabaosone ty cal oop Ge pees: 


p stratum in which much larger many-rayed gangion | 
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HEFL 
E 
He 


lows another granular layer, The sik ant las layer, 
ists of ordinary fusiform cells (6g, 662, 5). 
ammonis presents the same difference of appearance. Tt 
studied by C. Kupffer in the brain of the rabbit, and later by 
Meynert in the human being. 
to the first of these observers, the structure is complicated, 
that of a cerebral convolution. The corn ammonis 
superficial layer of nerve fibres another so-called molecular 
grey matter, which contains in its deeper 
lion cells, one set of whose mm: processes is 
centre, thus ee ates streaked grey 
this we next come upon a reticulated, then 
4 stratum formed of led * granules,” 
According to Meynert, the grey cortical Inyer of the cornu ammonis in 


‘man may be regarded as a thin covering layer without granules, At one 
pat alins=nonely, at the apex of the, fusein dentata do these “granules” 


tear renee 
fe turn now to the bulbus olfactorius, a remarkable piece of cerebral 


ue 
re 


i 


Fe 
if 


more 

a5 We a} 
first the root bundles from the neighbouring parts of the brain 
» there are two—first a strong root coming from the exter 


jich one-half seems to be a continuation of the anterior 
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ve boon observed fois ego sabre as nc 
sareepiaties ‘They appear to end in the blood-veseels and 


‘The dura mater is separated from the next membrane underneath it by 
what is known as the “subdural space.” 


connective-tissue (§ 1 the |; ti oirer mee 
Faery aind Grae cite rn a (29) a aceon mad ‘all o> 
the interstices of the eer Under the action, farther, of nitrate 


port where 
uid. rman about 99 pace of water, small quan- 
Be re 


ee Thar encountered in the arachnoid is extremely 
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ill-developed. 
appears under the epithelial covering (§ 119). 

deepest membrane of brain and spinal cord is alao the most highly 
‘The nerves here form denge plexuses, not only in the 
but also in the connective-tissue itself. According 
they even penetrate, in into the substance of the brain 
arterial twigs. nerves supplying the pia mater 
from the posterior roots of the spinal cord 
ly, in all probability, from the cranial nerves also, 
from the carotid and vertebral plexuses of the sympathetic. It 
that, from the surface of the brain and spinal cord, 
likewise be given off in the opposite direction to 
mater (Bochdalek, Lenhossek). ‘The choroid plexus is quite desti- 

nervous supply. 
‘The bicod-vessels of the cerebral substance have in so far an analogous 
t to those of the cord, that they form larger meshed networks 

white matter Larsen a 

in which they are disposed in the cortex of the cerebellum 
Gerlach to be different in the three Iayers,—the white, the 
and the grey. In tho first is seen a looze network of vessels 
fitting closely to the fasciculi of the nerve-tubes. But 


EFEgE 5 } 
fe 


to 
i 


Fa 
i 
| 


1 


arranged in 
tellam, 


ed 


@ moat external boundary Jamina of the grey layer is quite 
of capillaries. ‘Tho latter terminate here in the form of 
vessels supplying tho brain enter, for the most part, with 
of the pia mater, which dip in between the convolntions from 
surface, they give off regular twigs at right angles to their 
course, which es eaanel pretty far into the grey matter, form- 
by lateral subdivision, the networks just mentioned. 
larger branches ramify in the white sul 


4 
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localities. 

thickness are met with, 

the skin the lymphatics present sometimes single tubes, 
plementary structures of the skin, as the hairs with 


their sebaceous follicles and t © sweat glands, all possess their own special 
vessels; even the fat lobules are surrounded with 


in the tactile corpuscles, and then at other 
the scattered observations on the occurrence of the end bulbs of Krunse 
are 


development of the epidermis in the em| has been 
treated of at p. 159. ‘The cutis still consists entirely, according 
liker, in the and fifth month of human intra-uterine life, of colleo- 
tions of round and fusiform formative cells, and has a thickness of 
00135-0:0226 mm. In the third month the subcutaneous arvolar tissue 
ae distinguished, and both layers are of about the eame depth. 

together, including the cuticle, measure 01353 mm. A month 
later the first lobules of 


make their appearance, attained a thickness 
113 mm. and upwards, Prep beg eatrniin rarer dbp en 
is particalarly strongly developed. 
§ 302. 

glandular structures which lend to the skin the character of a 

organ are of two kinds, perapiratory and sebaceous. 
glands (glandule sudorifere, figs. 565 and 567) have been 
dealt with, as far 4 relates to the of size and structure 
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‘The thickish fatty nature of the secretion of the axillary glands hardly 
warrants the application to them of the term “sudorific" with any 
sesrees ang a vingtaraer pS o>! 


“sate 


same structure as ee ordinary sweat 
028-109 mm. in diameter, but differ from them in 
“ere and never spiral, excretory ducts, soeaes of the 
ited portion contain granules and drops of fatty matters with 
molecules of a brownish pigment, which communicate to the secretion its 
well-known colour. 


yellowish, thick, and bitter substance, 
the sepnealieg beside epidermal scales, granules and a 
fat, molecules of a brown iene ee mentioned 
), and oil globules, 
ino Hoc wn derived from the sebaceous 


noighbourh 
anal; 2a frets the Caras ois eae 
ar a soft fat, a yellowish substance soluble in 
to the taste, but which has to do with the 





§ 303, 
of tho water contained in the skin is continually exuding through 
al scales over the whole surface of the human 


perspiration, 

ae are in the fst plas i Pans omen ae 
tissue fluid of the latter, and then the 

gees ent glands, which also exhale fh id 

is to be set down to these sources respectively 


According to G. Srna ERS TE 
sat indebted to 


of eval 
Tey hich to oy perodialy activa 
i alter of water in the condition of 


It may be estimated, 
hondred grammes per diem on on average, 
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§ 304, 

‘The sebaceous glands (fig. 568), small structures included in the race- 
moso class, aro to be found likewise almost everywhere over the whole 
surface of the skin, although less extensively 
distributed than the sweat tubules, 

Their secretion is essentially a fatty one 
(fig. 569) ; its mode of origin has been already 
treated of at § 196. 

The sebaceous glands, always seated in 
the corium itself, and never in the subcu- 
tancous arcolar tissue, are, as a rule, asio- 
ciated with the presence of the and 
small hairs of the body, into whose follicles 
they empty themselves, cither singly, doubly, 

‘or in greater number. While in relation 
to the larger hair follicles they appear but 
as lateral appendages to the same with the 
downy hairs, the case is altered, the hair fol- 
lickes of the latter seeming but appendages {it 
of the glandular organs, In addition to these 
mibaceous glands connected with hain, the “bnirfollicle glands,” 
exist others found only on bald parts of 
out their secretion 


prep" 
there as the glands of Tyson, 
labia minora of the female. 

The structure of the sebaceous glands, 
which range in diameter from 0:2 to 2:2 
mum., is very different in different cases, 
When small and simple their form is that 
of a wide, shallow sac, Others, agnin, are 
found ot whose lower ends isolated buds 


in transverse measurement, ranging 
from 0:0564 to 0-0751 mm., or even 02256 
mm. The are observed on the noae, 
scrotum, mons veneris, and labia majora. 
‘The envolope of the vesicles and excretory 
passage is not, as is the case with moet 
glands, a transparent structureless membrane, bat consista of wyredkey eon: 








ORGANS OF THE BODY, 611 


are several millinietres across, and present five longitudinal clefts, which 
contain numerous gustatory buds (Arause). 

‘The crown and side walla of the circumyallate papillw, with the 
internal surface of the surrounding ridge of mucous membrane, are 
clothed with a thin layer of the ordinary flattened epithelium of the 
tongue. Now it is principally the side walls of the pepille (fig. 570), but. 
not unfrequently Siok eer 

en- 


Vig, 570 —Yrom the lateral gustatory organ of the rabbit 
‘The gustatory ridgos are represented in vertical tranwrerse 
section (after Bngelmavn), 


of the ox, O77; in man, a OeiO-OOTES in ane deer, hare, an 
00729 mm.; in the rabbit, 00575 mm. 

‘Their walls consist of flattened lanceolate cells (fig. 571, 2 a) arranged 
side by side like the staves of a cask, or the sepals of a flower bud. 
Above these supporting or encasing cells 1 

5 below they are narrowed into 

ike processes, which sink into the 

‘issue of the mucosa, and are to all appear- 

‘ance connected with the elements of the 
same, 


The nw of the Lguaalory pan 
perforate the epitli covering, and 
naked and free, Here we may observe 
small round holes arranged with consider- 
, and formed by the borders 
, or perhaps two, or even 
‘Through 


12 Teng the Sse in ih gee 
id dog, 


edad 


cuticular cell, 
delicate terminal filaments 


‘Schuoalbe). 

riya cell (2 2) is now 
the interior of the gustatory bud, 
within nF peieal lamina Ce 

eso elements appear 
longitndinal bundles, and are 
gustatory cells.” A fusiform 
body becomes pecan above 
rod or 4] 


i 


»f 


ah 
: Fre 


= 
zee 


i 
i 
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' But the whole of this organ does not in the perception of 
odours, It is only the uppor portions the tre g cavities which 
preside over the reception of this particular kind of impressions; the 
other parts aro either accessories in the process, or merely endowed with 

ordinary sensation through twigs of the trigeminus nerve. 
‘Yust portion of the organ designed for the perception of odours corre- 
ee rack: te Ol aaloey meer It consists generally 
the upper part of the septum, the superior, and portion of the middle 
iRiecivaied Bocas, Tt is remarkable for its yellow or brownish tint, better 
seen in the mature than in the newly born animal, and but slightly pro- 
nounced in man, It is further liable to in extent in different indi- 
‘o this tract the a 


ins, toget 
glands of considerable size (§ 198) 
to be found, known as vibriase, 
the entrance of foreign bodies, Int 
tholial colle exten 
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ween these cylindrical elements thers remain 
which serve for the reception of another species of 


Mie elaed 
which they are 


of vory fine nerve bes eee abs 
Simtel teks a Sow "bast, 


yell ads perlpmgtin reps 
has the form of a slender cylinder or 
vod, 00018 or 00009 mm. in dinmeter, 
reminding us of one of the elements of 
the retina, to be referred to presently. 


in various ways. In the frog an 
lied amphibians (in which they may 
be easily seen), they are surmounted at 
their free extremity (fig. 573, 1 it 
of delicate hairs of considerable 
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although followed up in its broador outlines, has not been minutely investi- 
gated up to the prosent. 


glands may be 
ecole mich ig from the inferior end of the 


we have sade the gap between the two with a line, 
$308, 
‘The organ of sight is made up of the eyeballs and a series of other 
oi pei These consiat of membranous parts, as the eyelids, 


especially the Jachrymal, and of muscles, 
bulbus oouli (fig. 575) is formed almost entirely of a aystem of 


sa 
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aa from this cellular coating, the uvea consists of several layers, not 
cases, however, distinctly od. one against the other. 
First, and most internally, wo find a trensparent limiting =p fal Rn 
and only 0°0006-0-0008 mm. in the fundus of the eye-ball, but 
Ser ereceting 4 more uneven internal surface anteriorly. 
next stratum is the choriocapillaris, an extremely dense network 
of nucleated bei (already spoken of in § 311), imbedded in a ape 
they ‘This stratum extends to the ora serrata, 
ined Inger, the proper choroid, consists of a network of 
Pater or irregularly eazed connective-tissue cells, with thread Te. Ir 
ceases of varying len; ‘Theso cells are remarkable for the great a 
with which they up dark black pigmentary matters (fig. 579). 
We have already considered thom under the name of “stellate 
celle” in soeakng i connective-tissuc, p. 219. But what particularly 
charneterises this ayes cette a the great eyes Seen arterial and 
it. irst present a strong! mus- 
Juntary muscular Beanie rae 
mi fibres oceur 1 pow 
‘segment of the choroid bees pitied 
these arterial vessels (H7. Afiiller’), and lym 
cella likewise (@. Haase). 
oe ol ue is con- 
Externally tho choroidal tis 
tinuous, in the form of a soft, brownish 
nective substance with the sclerotic, and is 
known here as the /amina fusca or supra- 


Anteriorly, as is well known, the choroid is continuous with the 
corpus ciliare and its numerous ciliary processes projecting inwards. 
‘Theso structures are likewise clothed with the same flattened pigm 

ium. Here, however, the latter has become laminated, or at least 
kee een (p. 143). 
within the corpus ciliare, whose tissue resembles that of the 
chooid (al though pigmentary colls sre 
fewer in it), and which also possesses the 
membrane as the 


sents 
mesouls ciliaris (Bi, 813, ty Hes the dis: 
covery of which wo are indebted to Briieke 
and Sect while many important 
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seen in the of any white rabbit), which, seated likewise 
acksnetved 10 iris, radiate outwards through the tissue of the 


pene: to be sure, here also to be a continuation of those 
the ae anagen At first, still in the neighbourhood of 
arched interwoven bundles partly in 

ese hind it. After passing beyond the limite 

Ly yavees aoe radiating bands unite to form a 


it is a fact of great interest, that tho muscular tissue of the iris, which 

iain and the mammalia ea of involuntary fibres, consists in 
striated fibres, 

eye receives another element 


mentur 


ds of fibres eed aire aE 


Brom their chemical reactions they would appear in 
the elastic tissues, without, however, possessing 
of resistance to reagents, while among the 


a probability there was originally a cellular network here. 
engl Hauicte tl eet is ot 
mm on its anterior 8 Bin er 
hedral and roundish Rist ae latter are con- 
pacoreiorse: bands of the ligamentum pectinatum. 


of the uvea for the nex 


“eg} Gee ry 
an resets 
these twij 








a large number of 
point of entrance 


nerve (see below), they supply only the choroidea pro- 


split up there 
Besides the hinder part of the sclerotic coat and 


optic 


about 20 small 


ranches 


i 
E 
8 
2 
| 
a 
S 


ioe 
Ebges2*. 


advance to the back of the bulb and 


of the 
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to the 


Thee 
el 
la 
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distinet system of vessels. Two twigs from the posterior ciliary arteries 
form a Bs eich llsnarto/ nde gee cmssvees oearsal yeaa 

fibres of the latter, and another externally to the choroid. 
Tn this way provision is made for indirect communication between the 
ncaa ape ed riage mba cise en 

ever, consisting in arterial and fine venous twigs capillaries, w] 
pass directly from the choroid into the optic nerve. 

‘The conjunctiva of the sclerotic is supplied by the vessels of the lide 
and Jachrymal gland ; it is, therefore, also independently provided. Its 
arteries are represented at (0) and(p). Near the border of the cornea 
ae ler bese trarleg per 

namely, the end branches of the scleral vessela communicate 

in arches, From the latter, then, in the first place, 

recurrent loops aro seen to spring, which course back the 

conjunctiva, anastomosing with the proper vessels of that membrane. 

Further, there ariso ly from these loops, acellpeaaly les bee he 

terminal twigs of the anterior ciliary arteries themselves, the branches for 

that capillary network already mentioned Ke 309) situated round the 

‘border of the cornea. This is draimed by tho anterior ciliary veina to 
which we now turn. 


Bee rea canine at een ee ee veins 
their rise (7; ss 


}. 
(2) In its whole extent the venous network just mentioned is rein- 
from the capillaries of tho sclerotic itself (6). 
3.) Into the ciliary veins, also, the efferent vessols of the canal of 
(11), a3 well as those of the 
muscle (12), empty themselves, 


The i Bape Ce Se oye, alenatas 
i consist of 
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tion, best seen near the lena. Theao were discovered by Henle. ‘They are 
some of them very fine, some stronger, as though made up of bundles of 
the first, and are often connected together in a retiform manner. In many 
points this membrane resembles certain kinds of connective-tissue, although 
we are unablo to discover at the nodal parts the usual nucleus of the con- 
— nective-tissue co ‘The fibres resist also, with great obstinacy, the 
| action both of alkalies and acids. 
§ 314. 

The retina of tho eye consists primarily of an expansion of the optic 
nerve; but, besides this, it contains other form-elements of various kinds, 
presenting a complex structure, The extraordinary delicacy of this 
membrane, combined with its liability to rapid decomposition, render it 
one of the most difficult objects of histological investigation, For this 

reason the controversies, in regard to its structure, are still far from being 
set at rest, in epite of very extensive and thorough study, aided by the 
seorery of the action of chromic, and later of cosmic peids, on such 
68, 


Of the later observers who have largely added to our knowledge of the 
structure of the retina, H. Miller deserves to be firat mentioned. More 











Fig. a7. 


faulioe ela 7 expansion of opie es h satenania Ape ANS 
‘ablachment te the membrane Mynttans interme ; 10, the Latier, 
recently still, the master-mind of Max Schultze has swopt away many of the 
difficulties which hung about this anbject, on which he was Peo grees 
eee eaily at the time of his lamented death, which took 
mn 


place 6th of January 1874. 


4 
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to these stronger bands, and passing into them without any sharp line of 
distinction, eonharpementines ley ‘but especially in the molecular 
and intergranular layer 
an extremely delicate 
few or spongy tissue (e), 
ike that already met with 
in the grey matter of the 
nervous centres, This (nen- 
roglia) has been ul by 
Fase ty Gay coercing 
y the cor tin, 
section of the chromic aci 
on some of the fluids of the 


substance in 

question is so delicate in man 
and many other mammals, 
that with weak microscopic 
power we are only able to 
make ont a dotted mass, 
‘adherent to the fibrea 


tecular matter presents much 
variety. In some of the 


4 radiatiny 
‘anelel ¢; 


e 
internal surface of the so-called rod-ayer (columnar). 
‘Here we find a repetition of the relations already 
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layer ndicularly,—or in other words, in a dimetion convergent 
peat ine centre of the eyeball, Eventually it terminates in a body 
known as its “granule” (b'), We shall be obliged to refer to it again. 
The rods of tho retina, like the cones, belong to those fow tissue 
elements of the animal body, which manifest characteristic differences 
among the various classes of living creatures, In the eyes of naked 
amphibians, such as frogs, toads, and ealamanders, they are enormously 


The great tendency to change afler death, manifested by the rods, 
renders it a difficult point to decide how far many other structural - 
Tati pent described by nicaneeown Osuer sts seslly aches a Leta 
retina. 

The first point to be borne in mind is, that the internal member of the 
column is not found to be homo- 
geneous among all the mammalia, In 
connection with the larger rods of the 
batrachia (fig. 590, 2, 3), of fishes 
(4), and even of birds (1), we meet— 
namely, with remarkable Jenticular 


been long known (but the 
process has been recently 


may 
themselves (fig. 591, 5) into a number 
of transvorse plates, orif the procees of 
om pe ayes Sreeaperinery 
to thin di resembling slightly 
those of the muscle fibres. The tranaverse 


to ol 
deed jist of te vohesomatey iio nies o absilaaal Gaaeeeea eats 
moreover, in the inferior, 
‘We shall now enter somewhat further into the consideration of the 
various views entertained upon this vary obscure #abyeck. 
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HTL ag eet et 1 
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tho same series of disks as the 


594, 5). 
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form cell, aye: 
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Fern between the 
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dog, the same variety in the distribution of both elements of 
may be observed. 


mouse, the Guascee toa 
as many nocturnal and burrowing 


__ In the eat wo find but ill-doveloped cones, while 

in rabbit and rat traces merely of them exist 

Whether, as appears probable, the 

retina of the whale is quite without cones, is a 
point which requires further investigation. 

‘The eyes of bony fishes approach those of man in 
many respects; their cones are of considerable size. 
Th rays and sharks rods alone are to be found. 

‘The case is quite different in birds and the naked 
amphibian. In tho first of theso cones are present 

numbers, reminding us of the yellow spot 
in the human oye, In the lizard and chameleon, 
on the other hand, rods are entirely absent ; perhaps 
also in the snake. 

‘The cones of the bird’s retina are remarkable for 

structures at the junction of style 
imbedded in os latter. 


among the sealy amphibia. In the cones of the 
. tortoise they are red, yellow, or colourless; in 

lizards yellow. 
vaya cm naked umphibia we find a few 
pti oe «hima ant 








granular layer is only composed of rod 
. of the remaining layers of the 


when the retina is destitute of cones, 


i 
: 
! 
j 
i 


p. § 176). 

‘and Henle) 

up of those 
su 
the ex 


into extremely 
re to tho 


ly, this layer appears to possess no connestive-tissue cells. 
§ 317. 


Miller 
© stratum inter- 


inter-gran' 
eeems alm 


The fitres which descond 
delicate axis-cylin- 


der fibrille (com: 

before by 

ae ho has distinct); 
03 ee 

econ a splitting 

cone fibres 

delicate fibrille, whose 


e] 


atl I 
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complete maze (B, g) of the most senas nerve fibrilla (Schultee, Steinlin, 
Hasse), which, there is every reason to believe, spring from the Saat 
cella of the internal granular layer and from the ganglion cells, 

(7.) The stratem cellulowum, or layer of the ganglion corpuscles, ia the 
next in order. It lies next the inner surface of ear layer, but is 
indistinctly marked off against the latter, Its oem 
cells (fig. 586, 587, 6; 596, B, A) pa Para esc are 
when particularly large, 00377 mm. in diameter, They Taloag, partly af 
least, to the multipolar class, like those of the brain and cord, and 

appear also to possess a fibrillated structure (§ 179, fig. 308). It is peo- 
Baeble, also, that their ramifications have the same relations here as in the 
nervous centres. One of them directed inwards, the axis-cylinder pro- 
cess (fig. 596, B, h’) appears to be continuous with one of the horizontal 
optic fibres (é) ‘of the atra- 
tum fidrilloawm (Corti, Re- 
mak, Koelliker, H. Miller, 
Schultse, Hasso, and others), 
while protoplasm processea, 
ontheotherhand, are givenoff 
externally (g), and it is su; 
undergo repeated su! 
ivision here, forming os hes 
spongy tissue of the 
molecular layer a tangle of 


Finally, commissural pro- 
cesses have boon ee pei to 
exist between adjacent 
gion cells (Corti, ‘Kovlliher ; 
bat this has lately been again 
questioned by many, 

The depth of the stratum 
cellulosum (figs, 586 and 
587, 6) varies in the ne 


powite the yellow 

several rows of 

times from 6 to 10, 
observed lying one over the 
other. Here it may present 
thickness of 00999 mm., 
except in the fovea centralis, 
where it is much leas, With 
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neéctive-tissue fibres, ee ee at tase to cena 
ly non-nucleated homogeneous substance. This becomos, then, 
thinner, until, about 2 mm. from the ora serrata, the retina terminates 
with the membrana hyaloidea. This is the relation of Direc 
by Ritter, while other observers seem to have come to rent 
conclusions on the point, Thus Koelléler states that the membrana limi- 
LR let Riri etna ta 
the ciliary processes (intimately united to them and to the sonula 
Zinn as far as the external border of the iris, Brilcke and H. Miiller, 
on the other hand, suppose them to reach as far ax the edge of the pupil. 
Schultee found several forms of these cells, but did not ceainie 
transition into the fibrous matter of the zonwla Zinnii 313). Me 
‘the cells as corresponding to the radiating sustentact 
blood-cessels of the retina (fig. 584) are derived from the arteria 
and yena centralis, enclosed within the optic nerve, i- 


meter (fig. 599, 0). This vas- 

lexus lies chiefly in the 
fant portion of the retina, 
but extends, however, as far as 
the internal granular layer. It 
was formerly supposed by many 
that at the ors serrata this 
Tetinal system of vessels com- 
etl with that of the 
; but this is not really 


nveacee network of this kind 
all mammalia. In the horse, 
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it, giving the reactions neither entirely of albumen nor of glutinous bodies, 
Pon nya walt peep lear tine nl arg 4 

§ 319. 


Before passing on from the globe of the eye, we must bestow a fow 
words upon its jatic ceascle, 

From Schialde’s investigations it would that the lymph formed 
in the ball of the eye is carried off in three directions That produced in 
tho iris and ciliary processes is collected, in the first place, in the anterior 
chamber, ‘This with the absorbents of the conjunctiva and corneal 
te steisr eet lang tn te rah py oe clerk aan 

the eye. 

All the lymphatic spaces situated behind the ciliary processes em 
their contents in two other directions. Those of the sclerotic and choroi 


*” (p) has been given by 


who describes it as lined 


whieh has been already alluded to, 
‘The latter lies between Tenon's 


300), 
of the 
‘Dotween the external and internal 
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portion, 3 
brane, from the fact of its 
epithelial 


Spe oo be 
‘piso occur here (2. Miiller). 
The glands of the conjunctiva are of various kinds, 
Tn man, and in certain of the mammalia, in the first 
place, small racemose glandules are to be found, known 
as mucous glandules (“accessory lachrymal 
"of Henle). They are situated in that aa of 
i it and 


mucous tissue. They are most crowded in the transition 
fold. The contents of their acini, which are about 00564 


the skin, but each opens with « bulbous 
‘The number of such convoluted glundules, how- 
‘small, only amounting in each eye to from oe 
ee ee ee eer (aner, 
| apecies of gland was found by Manz, In this form we have ica 
oval sacs, measuring 0467-02 mm. in Mameder, wale 





nt 


et 


iE 


served in the under eyelid of the ox 


conjunctiva they are only met o pleas nd 


nin), i ¢ 
molar 237) Around them, even with- 


out injection, lymphoid Incune may be 


Fig, €€2.—Termiuation of the nerves of 
Heeconfancte to end-balbe, 2- From 
the 7, From man, 


in breadth, and give 
arranged in a 


b 
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layer of the follicle, and forming, on their n neblike 
rer) noun the ame rem angtenry ap of this 
Schatbien that underlying the scuibetllidkeryetedraee re ake 
anche the latter, giving off numerous fine terminal twigs of 
113 mm. in diameter, which ascend still farther for a short 
and then end blind under the epithelial covering. 

ee tt eee 

ley deed man and other mammalia in 
tlneuly Joeribed (5188). Sa esate ance aie 
dis the corneal nerves extend 


Sat Se Pe ths nts 10 188 . 
pertins ads, hres vps eae 


cay alluded to, § 194 (fig. soe ei 
to penetrate through structures ty 
Bee peri ae cine calls thf one ace oe Caribe 
maxillary gland (Sol/). The arrangement of the capillaries here is as 
usual in such structures, 
ing the apparatus for carryii 


i 


H 


ri 
He 
ils 
TE 
BES. 
is 
EE 
! 


Maior. teak on the other hand, | mentions having 


u 


HE 


about 1 per cent of olit matte (OS 
lbumen appears in combination with 
), er with traces ~ 
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‘Tho histogonic 
Laie Sepa 
corned 
Sie ot the lens 


We come now, finally, to the consideration of the organs of hearing, 
the eas of the apparatuses of special sense which shall occupy our 
atten’ 

On each side of the head we have an infernal ear, consisting of the 
labyrinth, which receives the impressions of sound, a mfdde ear for the 
conducting of the waves of sound; and an external ear, separated from 
the last by the ¢ympanum, 

We will commence our description with the latter. 

The outer ear is made up of the sat pdectel gon, Teena 
The texture of its curtilage has been already described § 108, 
nal skin, likewise, which is here closely attached to oh datter, and wich 
is quite destitute of fat, except in the lobo of the ear, needs no farther 
notice In the pinna of the car we find numerous downy hairs, and 
often considerable sebaceous follicles (§ 304), as well as small sudoriferous 
glands (§ 302), especially on the posterior aspect. The peculiarities of 
the glandulw cerminoew of the outer passage, in which sebaceous cee 
ure also present, have been likewise dealt with in an earlier}portion of 
work (§ 302). iT, aie ite pans belong tal aa cto ela 


164) 
4 membrana tympani consists of a fibrous plate clothed extornally 

on cutis, and internally by the mucous membrane of the middle ear. 
7 the so-called annulus cartilagineus it is continuous with the adja- 
cent teum. The cont derived from the skin presents a thin fibrous 
laste quite devoid of glands and arse which may be found, however, in 
its immediate neighbourhood. ¢ fibrous plate consists of an external 
lamina of radiating fibres, and an inner shoot of circular bundles Tho 
elements are thoso of ill-developed connective-tissue, exhibiting flat annato- 
mosing bands with par esey simon (Gerlach), and perhaps also 
afow smooth musele fibres (Pruasak) cous membrane of the inner 
surface re papel rep fibrous portion, and uaually a»: 
of simple flattened epithelium. The latter extenida sled fai Nk 

of panum, and into the mastoid cells. The rest of the 
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Minti (0:0068 mm le 
80 mm. in diameter. 


them. 
‘The ofolithes (fig. 604), enclosed with- 
in a special membrane, present them- 


ence the auditory nerves are spread 
out in the sc of the vestibule These 
are probably small columnar crystals, 

size varios to a remarkable extent, 
their diameter mnging from 0-0090 to 
00020 mm. and Jess, A fow of them 
ure also contained within the membran- Fig. «4 —Otolltives conmsting of tarton ate 
ous semicircular canals. They consist UCoalee Gen Baie 
principally of carbonate of calcium, but leave behind, according to the 
observations of many investigators, an organic substratum, after having 
“been treated with acids 


There now remains for our consideration the mode of distriludtion of the 
acuaticus to the two sacs of the vestibule and the membranous 
‘The nerve fibres for the sacculus hemiellipticus and am; 
from the n. veatibuli ; those for the us rotundus 
They exer tho doplnaares ofthe wa; wht sre endl 

enter the du of the walls, which are i 
prominent in the ap jecting into the cavity in the form of 
titions Here thoy divide neat and ah ele cca 
free surface of the walls, still ramifying in their course, All 
nerve fibres are, however, confined to this projection, known aa 


FEFE 


aa 
ee 


septum nerceum ; none of them extend into the adjacent parts of 
am, 


in and 
termi. 
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‘The arnsngement of nervous elements in the saccutus rotunda varies in 
Cone points, though in the main the same. 

aoe macula, the low cylindrical eloments covering the 
walls the sa are observed to give place to long, columnar, distinctly 
nucleated calls, with yellowish contents, above whose free border filaments 
are seen to project. 

Minute examination reveals that of these decomposable eloments 
there are at least two Sra, testa thy sere a ie cxtinde art 
fibre cells of Schultze, arte ere nin apace ae tpt 
in the saccus hemiellipticus of the ox years ago. 
long, narrow fusiform bodies without Beaty Milehpeed eae ito 
filaments 0°0221-0-0226 mm, long, which, as wo have already algae ee 
ject beyond the surface of the nerve epithelium. Pere 
une arabe) long ago by Schultze in mammals, and beep 

eas they are also to re found in the septum Sat ai the human 
ampalle, 
connection of these filamentous bodies with the axis cylinders, 
which certainly penetrate into the epithelium, requires, however, further 
proof in our opinion. 
§ 325. 

Let us aay now finally to the consideration of the cochlea (fig. 606), 

This pa canal, which performs in the human ear two and a half 
turns, is divided into two passages, which have long been known as the 
sealoe,—the upper, named seals vestibuli (V), and the lower, scala tympani 
(by a key plate, the /amina spiralis (q-t). Besides these, it pre- 

een rd Gt more important intermediate space, the canulis eoeh- 


The lamina ‘pinalia (from q to #) consists of an internal 
external soft or membranous portion. ‘The first of these, an outgro' 
the modiolus or central ilar, 4 is about half the broadth of the whole leaf, 
It is not, however, alike in all the turns, being broadost in the first, and 
becoming gradually narrow as it ascends, until it finally terminates in the 
last half in a hook, /amulua, 

‘This osseous spiral plate, lamina spiralis ceea, presents two lamelle of 
compact bony tissue—the upper facing “a ecala vestibuli, the lower the 
scala tympani, and between these, porous tissue, through’ which run the 
freely intercommunicating passages for the transmission of vessels and 
nerves. Near the junction with the membranous these passages 
nite to form Boao tomes, eked LA eae aac lamell, both of 
which terminate together here likew! 

‘The membninous fon ively nad horiauntally prolonged outward 
from the bony partition. It is known as the /annina pitila membranaced, 
or membrana busitaris, It presents about the same breadth throughout 
(0-45 mm.), and is attached to the inner surfnee of the outer wall of the 


the 
ehochopekt it is attached. This is known 
"Thus onerow paamags ie ext off from the wala vei, ders 


a8 the membrane of 
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Sain vaot hain ele es 
§ 326, 


for our consideration the Fer ining of tho 
canalis cochlex, and Te mode of 


localities, namely (1), 
Sper habenula sulcata, and (2) in the 
of the organ of In the first of these positions the 
sed eat th sa tn 
 indicatod y (0), the 
according to Koelliker, Sault for the peaiey 


i hair-cells, and a3 a cuticular structure of the lamina reticn- 


of Reisner, already mentioned, arises. Its mode of termination exter- 
nally is still a matter of controversy. According to Hensen, Gottatein, 
and Waldeyer, it reaches to the organ of Corti, terminating 
thinned in the neighbourhood of the external hairecells, It reste 
corey the lamina reticularis. 
epithelium of the fully developed canalis cochlew consists, “Sel 

membrane of Reiasner of a layer of large flat pavement tet aller 
and thicker cells are to be found on the outer parta of the canal 

as far as the casein of the organ of Corti, seg aes 


pectinats, 

spheroidal, and at last ted elements present them- 
eethe the “su stitanllee) afer as Under Corts mem- 
brane, upon Se hice sulcata, it probably = ocours, on the other 
Poesia and in the sulcus spiralis Jensen only found a 


“Bho chs myo or peated 
ve wo-call mentum spirale, 
epee fn iy en streak, the atria vascularix 
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Acetic acid, 24 
‘Acids (fatty), 28 
nitrogenous, 36 
non-nitrogenous, 3. 
Acinua of glut, ott, Glandular Tissue 


of thymus, oid, CIRCULATORY APPARA” 


Tus 
Acoustic teeth, vid, SENSORY APPARATUS 


‘Addison's Disease, relation to supra-renal 


Vodies, vid. ‘Ciro. APP. 
Adenoid Connective-Tissue of His, 198 
‘Agminated glands, 420 
Air-celle of lang, ‘vid, RESPIRATORY APP. 
Albumen, 14, a 
of several organs, vid. latter 
Albuminous Compounds, 12 


Ammonium Salts, 62 
carbonate of, 62 
chloride of, 62 
urate of (acid), 87 
Amaboid cells, vid. Cells 
Ameboid motion, vid. Cells and Blood 
Amyloid degeneration of cells, vid. Cells 
Amyloid matter, 29 
Anatomy, general, 1 
study of same with microscope, 2 
without latter, 2 
APpaRaTusEs OF BopY, 399 





albumen, 1: 4 
casein, 17 
composition of, 13 
crystallin, 17 
for as, 14,17 


fibri 
fbciacplast, 15 
lobulin, 17 
pamogtobalia, 18 
jistogenic derivatives from, 21 
chondrin, 22 
chondrigen, 22 
collagen, 
collold, 21 


in, 
glutin- yielding substances, 21 
lutin, 





ya 6 

Amides, Amido-Acids, ic Bases, 40 
amide Organic 

cholin (neurin), 48 





generative, 538 
muscular, 573 
nervous, 574 





uri 
Aqua Ceci (ert (perilymph) of internal ear, 


vitrea 4 naive (on 4 (ealymp) of internal 


Arachnoid of brain, va. Mts, APP. 

Areola of breast, vid. Gi 

Arrector pili, muscle of of halt f follicle, vid. 
‘Hair 


Arteris: helicine of cavernous organs, vid. 
Gey. App., male 

Arteries, vid, VESSELS 

Arteriol recta ofthe kidneys, wid, Ununan 


Articulations, eid. Bony Apr. 
cartilages of, vid. BoNY APP. 
Anditory fllaments, vid. Sens, APP. 
‘Auerbach’s plexus myentericus, wid. Nerv. 
‘Tiss. and Dicer. Arp. 
Auricles of heart, wid. Cre. Arr: 
canal of spinal cord, oid. Nerv. Arr. 
‘Adal stream of blood: vesteny oud Viamne 
‘Axis cylinder, vid. Nerve Tiss, and Nxnv. 








‘Aas fibril, eid, Norve Tiss, 


Bacilary layer of retina, oid. Sex, Arr. 
fpniulcs, oi. Sexe, Ary 
Bacilli (rods) ore retina, vid. Suns. Arr. 


Bartholin’s glands, vid. GEx. AFP. (female) 
Basement membrane, (intermediate mem- 


Yum 
Bellini, valves of, wid. Warn. Kee. 
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Cartilages— 
cells, 163 
fatty infiltration of, 171 
cells of (medullary), 171 
segmentation of, 170 
chemical analysis of, 183, 184 
classification of, 167 
connective-tisatle, vid. fibro-cartilage 
early appearance of, 186 
ekchondroses, 186 
elastic, 179 
enchondroma, 186 
fibro, 180, 225 
colloid ‘nuclei of intervertebral. liga- 
ments, 182 
fibro-reticular, 179 
hyaline, 166 
portions of adult bodies still consie 
of it, 173, 174 
preformation of feetal skeleton in, 178 
intercellular substance, 169 
souree of, 169 
liquefaction of, 178 
medulla of, 251 
membraniform, 167 
neoplasmata of, 186 
permanent, 167 
respiratory apparatus, of, 176, 448 
reticular, 17 
significance of, in adult and fetal bots, 


temporary, 167 
Casein, 17 
Cauda epididymis, vid. Gen, AvP. 
Cavernous passages of lymphaticglands, rid. 
Circ, APP. 
Cells, 63 
ameboid motion in, 75 
body of, 64 
material of, 66 
calcification of, 95 
capsule of, 83 
casting off of, 94 
chemical constitution of, 72 
ciliated, the, 78 
colloid metamorphosis of, 94 
component parts of, 66 
containing red blood-corpuscles, vid. 
Circ. Arp. 
contractile, 75 
cytoblastema, 87 
decay of, 94 
derivatives of, rid. Cells, ax parent of 
other structures 
division of, 88 
envelope, 64 
structure of, 68 
enveloping sphere of, 92 
fatty metamorphosis of, 95 
flattened, 65 
formed products of, 82 
basement merebranes, 84 
und substance, 86 
intercellular substance, 86 
intermediate membrane, 84 
membrana propria, 85 
tissue cement, 6 
fusiform, 66 











generation of, within larger and older | 


cella, 4 
giant (multinuclear), 71 
granulated, 69 


Cells, growth of, 78 
interchange of material of, 80 
mature, 66 
membrane of, 64 
multinuclear, 71 
multiplication of, 88 
networks of, vid. Cells, as parent of 

other structures and, 98 

| nucleolus, 64, 70 

| nucleus, 64, 69. 

absence of, 71 

! gemmation of, 91 

ova, perfect examples of, 64 
j parent, 89 
Parents of other structures as, 95 
of cellular networks, 98 
of connective substances, 98 
of connective-tissue fibres, 89 
of elastic fibres, 89 
of nerve fibres, 100 
of smooth muscle fibres, 95 
of atriped mnucle fibres, 96 
or vascular colle 7 ot 
ysiological properties of, 

"eye 

pore canals of, 83 

protoplasm of, 66 

deposit of strany 

psororpermia in, 92 

reception of solid articles Into Interior 

Remuk's discoveries concerning, 93 

{ ridged, 69 

segmentation of, 88 
of naked cells, 88 
of encapauled, 89 
1 of parent, 89 
of daughter, 89 
of yelk, 90 

senescent, 66 

shape, 65. 

single-celled organinms, 64 

size of, 65 

| amooth-edged, 69 

' — golution of, 94 

spheroidal, 65 

spinous, 69 

spontaneous generation of (Schwann), 92 





matters in, 67 


stellate, 66 
| tall narrow species of, 66 
tuberculisation of, 95 





vital properties of (amerboid motion), 75 
| wandering of, through the body, 78 
‘significance of latter process in inflam- 
mation, 79 
Cellular networks, vid. Cells, as parent of 
other structures 
Cement, vid. Dent. Tiss. 
Central organs of Nenv. Sys. (brain and 
i, rid) Newv. Arp. 
Cerebellum, vid. Nenv. Arr. 
Cerebra ganglia, vid. Nerv. Arr. 
| Cerebrum, \env. APP. 
| Ceramen, vid. Sens. APP. 
Ceruminous glands, vid. Sens. Arr. 
Chemistry of tissues, 5 
physiological, 6 
Chloride of ammonium, 62 
of calcium, 58 
of iron, 62 
of magnesium, 59 
of potassium, 8 














Cine, Avr. Tiere ction (esmeatiesi ia, 


Contractility, vital, of cell 
Gonvolnted glands of conjen 





Arr, 
r, 02. 
} spinal, vit, Nmmv. Are. 
Cornea, wis Con, Tiss, andl Sis. APP. 
Corneal tubes, wid. SESK APF. 


‘laatic limiting layers of, 210 Conan karen epbeeeta) wid 
a neous Ta 7 
frimery, steolery, and tertiary, 207 | "trum nd Gasee ares Pe 
cartilage, wd. ttbro-cartilage Comification of flattened epithelium, wit 
‘alls, wil, corpuscles Epithelium 
20 Comu arumonis, eid. Nenv. Arr, 
‘of spinal cord 





Dioratrve APPARATUB.- 
‘Mouth— 
mucus of, 464 
mucous membrane of, 458 
qiibmmncoss, 408 
us, 
lands of, 472 
lymphatics of, 473. 
nerves of, 473 
vessels of, 473 
Processus vermiformis, 499 
Pancreas, 499 
development of, 500 
juice of, 601 
‘composition of, 501 
nerves of, 500 
secreting tubules of, 500 
structure of, 500 
Pharnyx, 472 
ymphatics of 472, 
oid organs of, 472 
vesele of, AE2 
Saliva, 463 
composition of, 468 
uses of, 464 
Salivary glands, 460 
paroti 
secretion of, 465 


effect of irritationof nerves on, $05 


submaxillary glands, 460 
dlood-vessels of, 461 
border cella of, 465, 
crescents of, 465 
excretory ducts of, 461 
lymphatics of, 461 
mucus of, 485 
nerves of (termination of}, 441 
secretion of, 464 
corpuscles of, 465 


effect of nerve irritation on, 464 


varieties of cells of, 460 
sublingual glands, 462 
secretion of, 465 
Stomach, 473 
cells, 477 
development of, 482 
glands of, 475 
cells of, 475 
adelomorphous, 478 
delomorphous, 478 
membrana propria of, 475 
mucons of, 471 
} peptic, 475 
racemose, 479 
juiees of, 482 
action of, 482 
composition of, 482 
mucous membrane of, 474 
muscularis mucosse, 474 
lenticular follicles of, 480 
lymphatics of, 481 
nerves of, 481 
peptones of, 483 
serous covering of, 473 
vascular system of, 480 
‘Tongue, 466 
development of, 469 
fibro-cartilage of, 466 
glands of, 469 
lingual follicles, 469 
lymphatics of, 468 
mucous membrane of, 469 
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DIGESTIVE APPARATUS— 
Tongue— 
mucous membrane of, lymphoid infil- 
tration of, 469 
muscular substance of, 466 
nerves of, 468, and SENS. APP. 
papille of, 467 
circumvallate, 467 
filiform, 467 
fungiform, 467 
Tonsils, 470 
H lymphatics of, 471 
vessels of, 470 
Digivcorides, 2¢ 
ilatator pupille, wid. Sens, Arr. 
Disks, vid. Mus, Tis 
Ductus sjnculatori, eid. Grx, Arr. 
| Ductus thoracicus, vid. Vessels 
! Dura mater, vid. Nerv. Are. 
Duverney's glinds, vid. GEN. App. (female) 





Ear (internal), eid. SENS. APP. 
| Ekchondroses, vid. Cartilages 
Elain, vid. Triolein, 26 
Elaidic acid, 25 
Elastin (elastic material), 28, 
Elementary parts of body, 
Elemente of composition of body, 11 
Enamel of teeth, rid, Enamel Tiss. 
Evamel columns, vid. Enamel Tiss, 
Enamel cuticle, vid. Enamel Tiss, 
Enamel tibres, vid Enamel Tiss, 
Enamel germ, vid. Dent, Tiss. 
Enamel membrane, vid. Enamel Tiss. 
Enamel organ, vid. Dent, Tiss. 
tissue of, vid, Gelat. Tiss. 
! Enainel prisms, rid. Enamel Tiss. 
Enamel tissue, 273 
ceclumns, 273 
cuticle (membrana preformativa), 276 
composition of 2 
jeveloy t of, 275 
fibren of, 273 
prisms of, 278 
Enchondroma, vid. Cartilages 
End-bulbs, rid. Nerv. Tiss 
End-capsules of gland nerve 
Endocaniium, vi/. Crnc. A 
Endogenous cell growth, rid. Cell 
Endolymph of internal ear, rid. SENB, APP. 
Endothelium, rid, Epith. and Vessels 
| Knvelopes of fine nerve, twigs, rid. Con. 
. aa. and Nerve Tiss, 
Envelopes of the central organs of nervous 
system, vid. NERV. APP. 
Ependymal thread of spinal cord, rid. NERV. 
‘Arr. 
Epidermis, rid. Epith. 
| Epididymis, vid. Ges. Avr. (male) 
Epithelium, 187 
Cells (varieties of), 138 
action of alkalies upon, 151 
beaker, rid. goblet 
ciliated, 188 
colunmar, 138 
flattened, 139 
goblet, 158 
occurrence of mucous and pus-cor- 
puscles in, 153 
pavement, 188 
pigmentary, 
ged, VAY, VA 
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Guwxnative Arraratos (female)— GENERATIVE APPARATUS (male)- 
‘Milk, colostrum 
catposition of 
of, 
giol 553 
mode of generation of, 555 
Purposes of, 555 
Ovary, 540 
‘blood-vessels of, 540 corpora cavernoss, 567 
cortical zone, 588 sHiane lice of 509 
development of, 542, from Wolfian Jymphatics of 569 
bodies nerves of, 569 
geminal epithelium, 537 vessels of, 568 
afan, follicle of, 589 erection of, 570 
bunting of, 645 F i glands of Fyne, 867 
camulus proligerus (ovigeras), 
liquor folliculorum, Sie in a 86 
membrana granulosa, 540 structure of, 566 
membrana follicula, 539 Prostate, 565 
theca follicali, 589 f, 566 
hitus stroma of, 587 Semen, 560 
lymphatics of, 644 composition of, 561 
substance of, 587 ‘Smegma preputii, 567 
nerves of, 544 Spermatonos, , 560 
sustentacular matter of, 537 ition of, 560 
Ova chains, 543 development of, 561 
Ovam (ovale), 540 movements of, 563 
chorion of, 540 Penetration of into ovum, 564 
dein of of BAB structure of, 560 
‘of, B45 under actions of reagents, 568 
— vesicle of, 540 Testis, 555 685 
ome t of, tof, Wagner, 540 coverings of, 
vitelh Sage grat Soon ae usaemorian B56 
lus (yelk), 6: corpus Highmoriant, 
segmentation . 545; and Cells development of, 559 
Psrovarium, 541 lymphatics of, 558 
Primordial follicles, 643 nerves of, 659 
Primordial ova, 542 rete testis, 556 
Pudenda, 550 structure of, 557 
blood-vessels of, 550 sustentacular tissue of, 57 
clitoris, 550 tubulus rectus, 556 
genital sorpaecies cf 551 vasa efferentia, 556 
glands of in, 550 veasels of, 5: 
of Duverney, 551 Ayson’s elas vid. penis, 667 
nympho, 000 Urethra 606 
ny ‘rethra, 
vestibulum, 650 colliculus, seminalis of, 556 
Purkinje’s vesicle, 540 Vasa deferentia, 564 
‘Uterns, 547 Vesicule seminales, 565 
arteries of, 548 Germinal layers of embryo, 129, 187 
during menstruation, 549 Germinal vesicle of Purkinje, vid. Gun. 
PI , 649 ‘Apr. (fem.), Ovum. 
pants of, 648 Germinal Aas of Wagner of ovam, vid, GEN. 
fymphatics of, 548 ‘App. (fern) 
nerves of, 549 Giant cells (of mesulla of bone), wid, Cells 
‘Vagina, 550 \d Boxy APP. 
nerves of, 550 Giraldas, organ of, vid. testis, Gxx, AFP. 
Wolfian rca upp orelop dul ny 29 
development of ovary | Glandule inate, 4: 
from, 542 Glandular ‘Tismnes, 858 
Zona pellucida, 540 Composition of, 359 
‘Zone of primordial follicles, 540 Glands, 368 
Gxwrnative ApPaRATUs (male), 555 acini of, 348 
Constituents of, 655 blood weasels of, 359 
Collicalus seminalis, vid. Urethra, 566 les shut, HB 
Corps innominé, vid. Testis, 555 cells of, 345 
Coreper’s glands, 566 part taken by, in  gortion, 351 
Ductus ejaculatorins, 565 ‘transitoriness 
Erection, theory of, 670 varieties of, 
spididymis, com) , 
‘caput of, 558 dehiscence of, 349 
cands of, 557 \ excretory passages of, SOA 
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Papille fungiformis (clavatz) of tongue, 
Pd Dose age 





Paralacti 
Paraovarium, vid. Gxx. Arp. (female) 
Parent cells. oid. Coll 


Parietal stn stream of blood-vessela, 


Parotid gland, vid. Diazst. Ape. 
Parotid saliva, rid. Diazet. APP. 
Pavement epithelium, wd. Epithelium 
Pedunculi cerebri, vid, NERV. APP. 
Penicillii of splenic artery, vid. Cmic. AFP. 
Penis, vid. Gen. App. (male) 





‘vid. Ves 


Pepsin, 18, and Diozst. Arr. 

Peptic gland cells, vid, DigEst.;ArP. 
Peptones, 17, and Diaest. Aer. 
Perichondrium, vid. Cartilage and Con. Tiss. 
Pericardium, vid. Cine. APP. 

Perilymph (aquula Cotwnt), vid, Saws, 





Perithelinm mento, ‘ld igpithelian 


Perivascular canal systom in spinal cord and 

brain, vid, Nerv. Srsriot 
Boceptretion, old, See Arr 

anal id, Sexe. APE. 
Peyer's 420, and Diorer. Apr. 
Pharyns, vid, Diotsr. APP. 

tonsil of, vid. Dicrst. Arr. 
Phyeiek il proper 100d, rid. Blood 
Physical properties of 
, vid. Con, Tiss, and NeRv. APP. 

Plemontary epithelium, vid. 
Pigmentary’ metamorphosis of 


Cel 
Pigment calle (polzhodra), wi Epithliam 


Pineal isa, vid. Nerv. APP. 
Placonts eanguinls, via. Di 
Plasmatic vascular system, vid. Vessels 
Pleura, vid. Resp. APP. 
Plexus chorioidea of brain, vid, Con. Tiss. 
‘and Nenv. APP. 
Plexus myenterious, id. Nenv. Avr. and 
Dioest. A. 
Plexus (formation of, id. Nerv. Tiss. 
Plica semilunaris of eye, vid. Szxs. APP. 
Plica: vasculosee, rid. BONY APP. 
Pons Varolis, vid. NERV. APP. 
Pore canals of cells vid. Cells 
Potash com 
Primitive fibrille 
of con. tise. oid. Con. Tiss. 
of muscles, vid. Mus, Tiss, 
of nerves and axis cylinders, vid. Nerv. 
Tiss. 
Primitive sheath (sarcolemma) of muscle, 
vid. Mus. Tiss 








Processus ciliares of eye, vid. SENS. APP. 

Processus vermiformis, vid. Digest. AFP. 

Prostate gland, vid, GEN. Apr. (male) 

Prostatic vesicle (uterus masculinus) vid. 
Gen. App. (male) 

Prostatic calculi, ed. Guu. APP. (male) 
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Protagon, 29 
Protein bodies, rid. Albuminous Compounds 
immediate derivatives of, 15 
remote derivatives of, 21 





Ne 
Provespermia i in interior of columnar spithe- 


Pndenda, vid. Gex. App. (female) 
Pulpa dentis (dental germ), oid. Dent. Tiss. 
Pulp tubes of spleen, vid. Creo, APP. 
Purkinje’s, gerwinal vesicle of, vid. Gx. 
App. (female) 
fibres of heart, rid. Circ. i 
Pod sorponcas ih fatoriorof epithelial cela, 


emigrated lymphoid cells, 129, 91, 


in connective tissue, 234 
Pyramids, vid. NeRv. APP, 
Pyramid processes of kidney, vid. Unme. 
PP. 
Pyramids, decussation of, oid. Neav. APP. 


Recklinghausen, com, om formation of red 
ood cells, 114 





Renal iowa on cel , oid: Cells 
Remak's fibres, vid. 
fisarrnaronY Arranaros, 43, 
Bronchi (structure of}, 450 
Composition of pulmonary tissue, 457 
Larynx, 448 
cartilages of (structure of), 176 - 
lymphatica of, 449 
nerves of, 


ngs, 450 
ral of 8 
veoli (structure of 
arrangement of vessels in, 
development of, 458 
epithelium of, 455 
infundibula of, 451 
lobes of, 450 
Iymphatics of, 455 
Pigmentary deposit in, 452 
vesicles, 45 
Neoplasms fo, 458 
Nerves of, 456 
al changes in, 458 
Pleura, 


absorption from cavity of, 457 
‘Trachea, 
several io _{zerrens lymphaticn, 





Rete Mol oie ea 

te Medpighi, Spitheliom 
testis, qrid. Gus. APP, (male) 

Retin’ |. Sess. APP. 


Riodatide of potassium, 55 

Bidged and spinous calls, id. Cella 

of retina, vid, Sems. APP, 
Malan (substantia “gelatinoss, of, wid. 
PP. 

Rod granules of retina, vid, Sze, 
Roots of hair, eid. Hate oe 
‘Root sheaths (ink, ana exh), wd. Bake 
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¥ tained ap wid Gen ‘Lymphatic syste 
ras al id. Gan. Ary. (male) ymphatic system— 
‘Vas afforens and efferens of lymphatic ‘in other organs, 874 
ead. Cres Aree repeat glands, in tadpole’s tail, 874 
Vas deferens of testicle, vid. Gun. APP. vessels of, 378 
Vasa aberrantia of liver, vid. Diozst. APP. Lymphatic canals, 373 
Vaca afforentia and effrenta of the glome- | communication of, with serous sacs, 
, vid, URIN. APP. 
Vasa recta of kidneys, vid. URIN. APP. development of, 877 
Vasa serosa (j vessels), vid, Vzs- pathology of, 388 
i relation of, to blood capillaries, 876 
Vasa vasorum, vid. Vusaxis. texture of finer tubes, 377 
Vascula efferentia of ‘testicle, vid. GzN. APP. Perivascular canal system, 377 
Vascular cells, vid. Cells, parents of ‘other Physiological relations of larger vessels, 
‘Vesenis 382 


‘vid, Vesaxis 
interlobulares of liver, oa. Drorat. 
Veue intralobulares 


Capill 
Capillary 


Cirealation of blood, 382 
axial and parietal stream, 983 


rapidity of, 383 7 

Development of early, late, 384 
pathologic, 387 

Ductus thoracicus, 279 


Lymphatic system, 373 
Tmpanencenent ofa villi, 74 
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of capillaries, 382 
Plasmatic vessels, 382 
Primary vascular membrane, 964 
‘Vasa serosa or plasmatic veasels, 882 
Vasa vasorum, 370 
Vascular cells (perithelium endothe- 
ium), 368 
Veins, 
structure of, 366 
| valves of, 368 
| Vestibule of ear, vid. Smxs. Arr. 
| Vestibulum vagine, vid. Gzn. APP. 
Villi intestinales, cid. Diozst. APP. 
Vitellus (yelk) of ovum, vid. GEN. APP. 
segmentation of, md. Celle 
Vitreous humour, vid. SENS. APP. 


Wagner's germinal spot on ovum, vid. GEN. 
‘App. 


Water, 66 
Proportion of, in tissues and organs, vid. 
‘same 


Wharton, gelatin of, vid, Gelat. Tiss. 
Wolfian ‘bodies (primordial kidneys), vid. 
Gan. APP. 


Xanthin, 42 
‘Yelk (vitellus) of ovum, vid. GEN. App. and 
Cells 


segmentation of, vid. Cells 
Yellow spot of retina, vid. SENs. APP. 


Zinn, ligament of, vid. SENS. APP. 
Zona denticulata of cochlea, vid. SENS. AFP. 
Zona ata of cochlea, vid, SENs. AFP. 


Zona pellucida (chorion) of ovum, vid. GEN. 








‘APP. 
| Zonula Zinnié of eye, vid. SENS. APP. 
j Zoochemistry, 6 
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